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ABSTRACT OF THESIS

INTEGRATING COVER CROPS AND HERBICIDES FOR HORSEWEED [Conyza
canadensis (L.) Cronq.] MANAGEMENT PRIOR TO SOYBEAN [Glycine max (L.)
Merr.]

Horseweed (Conyza canadensis (L.) Cronq.) is prevalent in Kentucky and can be
difficult to control. Research has shown multiple weed control methods to be more
sustainable than relying on chemical control alone, so the use of multiple methods for
horseweed management was examined in this study. The main objective was to
determine best practice(s) to reduce horseweed prior to soybean [Glycine max (L.)
Merr.]. Treatments included: fall-planted cover crop [CC; cereal rye (Secale cereale L.)
or none], fall-applied herbicide (saflufenacil or none), and spring-applied herbicides
(dicamba, 2,4-D ester, or none). We hypothesized horseweed densities would be reduced
the most where all factors were combined. Saflufenacil suppressed horseweed densities
from application through March, when densities increased due to a lack of competition
from other winter weeds. Spring herbicides decreased horseweed densities until soybeans
reached V1 in 2017, but in 2018 lost efficacy after CC termination. CC alone resulted in
the longest horseweed suppression. Combining spring herbicides and CC usually reduced
horseweed densities to near zero between the CC termination and soybean planting.
However, some low densities seen soon after soybean planting could be problematic.
Further research must be conducted to determine the best integrated horseweed
management system until soybean canopy closure.
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CHAPTER 1: LITERATURE REVIEW
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Introduction
Glyphosate-resistant soybeans [Glycine max (L.) Merr.], since they were first
commercially introduced in 1996, have been widely used by growers not only in the United
States, but also throughout the world (Young 2006). The purpose of herbicide-resistant
crops was not to limit growers to using only a single herbicide such as glyphosate, but to
make a more integrated weed management system with backup weed control methods
(Burnside 1992). Unfortunately, though, glyphosate was widely used as a sole source of
weed management. In addition, it was not uncommon for growers to apply glyphosate
multiple times in a growing season, using rates and application timings not recommended
by the label. As a result, weed species have evolved to be glyphosate-resistant and continue
to do so (VanGessel 2001). One such weed is horseweed [Conyza canadensis (L.) Cronq.].
In central Kentucky, horseweed is one of the most common weeds in soybeans
(Martin and Green 2016). Horseweed used to dominate mainly non-cropland areas (Buhler
and Owen 1997; Nandula et al. 2006). No-till fields may act similarly to non-cropland
areas, in terms of weed populations (Buhler and Owen 1997; Nandula et al. 2006). Because
of this, farmers increasing no-till acreage in the U.S. saw a rise in horseweed prevalence in
cash crops because of how well horseweed grows in no-till conditions (Brown and
Whitwell 1988; Buhler and Owen 1997; Kruger et al. 2010; Shields et al. 2006). Horseweed
was first documented as glyphosate-resistant in Delaware (VanGessel 2001). This was after
only glyphosate was used to control it for three consecutive years in continuous glyphosateresistant soybeans (VanGessel 2001). Glyphosate-resistant horseweed was first reported in
Kentucky in 2001 (Heap 2019).
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Cover crops are plants normally grown between cash crops for the benefits they
provide compared to leaving ground fallow. Cover crops have been growing in popularity
for their benefits to agronomic crops, including weed control. Some studies have shown
having a cover crop prior to soybeans lowers weed pressure, including horseweed (Hayden
et al. 2012). Many growers in Kentucky who are already using cover crops for the benefits
they provide are asking how they might integrate herbicides to further control glyphosateresistant horseweed.
Horseweed Life Cycle
Emergence and Emergence Timing
In order to effectively control horseweed, one must understand its biology. Horseweed can
emerge throughout the year (Bolte 2015; Loux and Johnson 2010; Martin 2013; Shields et
al. 2006). The exact specifications on emergence timing depend on location. However, in
central Kentucky, the primary emergence of horseweed has been observed to occur from
mid-March to early November (Dr. Erin Haramoto and Dr. J.D. Green, University of
Kentucky Weed Scientists, personal observations). Due to horseweed seeds being less than
1 mm in length, they must be on or near the soil surface to germinate successfully (Bolte
2015). Nandula et al. (2006) found that the deeper in the soil horseweed seeds are, their
percent emergence drastically decreases.
Horseweed Growth
The best time for horseweed growth is when day temperatures are cooler, which explains
why they grow well in early spring or late fall (Keever 1950). After overwintering, the
horseweed plant enters the “bolt stage” (Bolte 2015; Loux and Johnson 2010). This is when
it achieves vertical growth without any branching, until it is several centimeters taller.
3

After bolting, it forms branches, thus resulting in more flowers (Bolte 2015). Dry
summer weather does not usually hinder horseweed growth, as the species is relative
drought-resistant (Keever 1950). More flowers would give rise to the opportunity for
higher seed production. The increased branching would also cause it to shade out more
plants. In many cases, horseweed seed production is positively correlated to plant height
(Bolte 2015). This means the taller the plant, the more seed it may produce. Horseweed
can produce around 200,000 seeds per plant (Loux and Johnson 2010; Shields et al. 2006).
The seeds are wind-dispersed due to their light weight and this is aided by having a small
tuft of hairs called a pappus (Weaver 2001). In fact, horseweed is so wind-dispersible that
it has been shown to enter the planetary boundary layer, which would allow horseweed
seeds to spread across a radius of more than 500 km (Shields et al. 2006).
In addition, horseweed is competitive for the entire cash-crop growing season,
regardless of the crop (Bolte 2015; Loux and Johnson 2010). If a field spends a year as
fallow and conditions are favorable, horseweed can quickly dominate as the highest
populated weed (Buhler and Owen 1997; Keever 1950). Horseweed has a competitive
advantage over a cash crop if not controlled prior to cash crop planting (Main et al. 2006).
Overall, horseweed have a large degree of plasticity in emergence timings, plant size, and
seed output, making it an imperative to control (Regehr and Bazzaz 1979).
Overwintering Success of Fall-Emerged Cohort
Horseweed in central Kentucky can emerge from spring through fall. When it emerges in
the early spring, it actively grows in the spring and summer and can be thought of as a
summer annual from a management point of view. If horseweed emerges in the fall, one
can think of it as a winter annual. In this instance, horseweed grows until temperatures drop
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low enough for it to be fall-dormant. Then, when temperatures rise in early spring, the
horseweed continues to actively grow. Fall-emerging horseweed have a competitive
advantage compared to those emerging in the spring, due to not being shaded by a cash
crop (Bolte 2015; Loux and Johnson 2010; Main et al. 2006). Because the overwintering
horseweed are aggressive competitors, it is therefore necessary to learn more about the
possible effects of winter on horseweed.
Frost heaving is one of the possible fates for horseweed that emerge prior to winter
(Buhler and Owen 1997; Regehr and Bazzaz 1979). Frost heaving is when the ground is
thrust upwards due to the soil freezing. When this happens, sometimes a plant can be
completely uprooted. Smaller rosettes of horseweed are especially susceptible to frost
heaving since they are not anchored as well in the soil as horseweed in other growth stages
(Regehr and Bazzaz 1979).
In Iowa, Buhler and Owen (1997) never saw horseweed winter mortality greater
than 41%. In fact, horseweed winter mortality as low as 9% was observed (Buhler and
Owen 1997). In Kentucky, where winter seasons are usually milder, one might expect even
less winter mortality. This would result in a higher horseweed population to begin the
summer cash crop growing season unless plants are controlled prior to planting.
Herbicide-Based Horseweed Management
Timing of Management
Since some fall-emerging horseweed demonstrate the ability to survive harsh winters, a
fall herbicide application could be especially useful in fields with a history of horseweed
pressure (Bolte 2015; Buhler and Owen 1997; Loux and Johnson 2010). If a fall herbicide
treatment is not used, it may be difficult to kill them in the spring (Loux and Johnson 2010).
5

In addition, controlling horseweed in the fall with an herbicide application would give a
safety net of sorts in case of inclement spring weather. Horseweed are best controlled as
either a seedling or small rosette (Loux and Johnson 2010; Mellendorf et al. 2013).
Effective Chemical Management of Horseweed
Some herbicide active ingredients that have proven effective against horseweed as
a soil-applied herbicide in the state of Kentucky are: sulfentrazone, cloransulam,
metribuzin, chlorimuron, flumioxazin, and flumetsulam (Martin and Green 2016). Some
work better when tank-mixed with others (Martin and Green 2016). In addition, foliar
herbicides such as glufosinate, 2,4-D, saflufenacil, and dicamba have also controlled
horseweed well, though the efficacy of these herbicides can depend on the timing (Bolte
2015; Loux and Johnson 2010).
Davis et al. (2007) looked at comparing multiple herbicide programs with a winter
wheat (Triticum aestivum L.) cover crop for horseweed control in a corn (Zea mays L.)soybean rotation. Part of their herbicide treatments were timing, including fall and spring
pre-emergent herbicides (i.e., soil residual herbicides). For soybeans, the herbicide mix
was chlorimuron, sulfentrazone, and 2,4-D for both fall and spring. For the corn, the
herbicide mix was metribuzin, flumetsulam, and 2,4-D; this was also the same for both fall
and spring. Across both years, they reported that pre-emergent herbicides applied in May,
when horseweed were between cotyledon and 4-cm-wide rosettes, resulted in better control
of horseweed throughout the summer. They also observed an increase in soybean yield
compared to fall-applied herbicides.
PPO-inhibiting herbicides such as saflufenacil are usually very fast-acting,
resulting in tissue necrosis within 24 hours. With such control, it would make sense to use
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saflufenacil to kill fall-emerging horseweed, especially if applied prior to a grass cover
crop, since it only targets broadleaves. Saflufenacil has been shown to effectively control
horseweed prior to a crop as a burndown (Mellendorf et al. 2013). When applying
saflufenacil in early summer, Mellendorf et al. (2013) found that it controls horseweed up
to 92%, across a broad range of plant heights. Budd et al. (2016) found that saflufenacil
applied as a burndown prior to soybeans resulted in roughly 95% control of glyphosateresistant horseweed at eight weeks after treatment (WAT). Though saflufenacil effectively
controls horseweed at various application timings (Mellendorf et al. 2013), little research
has been done on controlling fall-emerging horseweed with a fall application of
saflufenacil.
A burndown herbicide also proven successful in suppressing horseweed is 2,4-D.
Studies have shown that 2,4-D results in 100% horseweed control by 35 days after
treatment (DAT) (Bolte 2015). Eubank et al. (2008) found, from a list of thirteen herbicide
treatments including glyphosate by itself, glyphosate + 2,4-D, and glyphosate + dicamba
were the only treatments to have >90% control four WAT. Though some studies have
shown horseweed control with 2,4-D, generally their exact response varies depending on
the particular population (Kruger et al. 2010; Loux and Johnson 2010). Kruger et al. (2010)
found that, although horseweed control ranged from 89-100% control at six WAT, some
horseweed plants recovered from injury after that time point. One plant even produced
seeds after an extremely high rate, suggesting that, as any other chemical, weeds such as
horseweed could theoretically evolve resistance to products such as 2,4-D (Kruger et al.
2010). To further understand just how effective 2,4-D can be in controlling horseweed as
a burndown herbicide, further research must be done.
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Another burndown herbicide that has gained much attention is dicamba. Studies
have shown that dicamba results in 100% horseweed control by 35 DAT (Bolte 2015). In
addition, at various horseweed heights, dicamba always had anywhere from 10-20% higher
control than 2,4-D (Bolte 2015). Dicamba in general is more effective on horseweed than
2,4-D (Loux and Johnson 2010). However, dicamba controlled horseweed less than
saflufenacil when applied prior to cotton (Gossypium hirsutum L.) (Owen et al. 2011).
More research is needed to determine if dicamba might suppress weed populations such as
horseweed, or if a herbicide program with 2,4-D or dicamba would suppress horseweed
with saflufenacil as a fall burndown.
Resistant Horseweed Biotypes
As a result of the rise in herbicide-resistant weeds such as horseweed, agrichemical
companies began to develop soybeans resistant to growth regulator herbicides such as
dicamba. This would allow growers to apply growth regulators as a pre-plant herbicide
closer to soybean planting time or as a POST (i.e., post-emergence herbicide; Bolte 2015).
At the same time, however, this may increase the selection pressure for dicamba resistance
if integrated weed management practices are not put into place on a large scale (Flessner
et al. 2015).
In a Missouri trial where glyphosate was applied in April and May as a burndown,
Bolte (2015) observed it controlled only 27-79% of the horseweed population at 14, 21,
28, and 35 DAT. That left a lot of horseweed uncontrolled, and within 35 DAT, control
was never greater than 65% (Bolte 2015). Horseweed plants that were only damaged had
substantial regrowth (Bolte 2015). Though Kentucky only has glyphosate-resistant
horseweed reported, some horseweed throughout the United States has been reported in
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soybeans to be resistant to ALS and Photosystem I herbicides as well (Heap 2019). There
are also more sustainable and ecological methods to aid in control of horseweed than
herbicides, especially due to its widespread resistance to glyphosate. One such available
method is the use of cover crops.
Cover Crops
Cover crops are plants grown in-between cash crops for a variety of reasons,
depending on what the grower desires. The benefits of cover crops are not always seen in
the short-term or in experiments (Snapp et al. 2006). However, such benefits can include:
suppression of pests, increased water and soil quality, increased cash crop productivity and
yield stability, protecting the soil from erosion, and nutrient cycling (Clark 2012; Snapp et
al. 2006; Teasdale 1996). Negative impacts of cover crops can include: seed costs and cost
of planting, slower soil warming, difficulty in predicting nitrogen mineralization, and the
potential to interfere with the growth and yield of the following cash crop (Snapp et al.
2006; Teasdale 1996). Cover crops can suppress weeds while they are growing and after
they have been terminated. Specifically, cereal rye has that ability (Barnes and Putnam
1986; Brainard et al. 2012; Galloway and Weston 1996; Werle et al. 2017). Reddy (2001)
and Teasdale (1996) suggest there is a potential to use cover crops as an alternative to PRE
herbicides. While they are growing, cover crops suppress weeds through competition,
physical effects, and soil environmental changes (Snapp et al. 2006). Cover crop residue
left behind after termination suppress weeds by intercepting light and precipitation and, in
some cases, releasing phytotoxins (Liebman and Davis 1999; Osipitan et al. 2018; Teasdale
1996).

9

Actively-Growing Cover Crops
One meta-analysis determined after looking at 46 relevant studies that cover crops
can provide early-season weed control comparable to herbicides and mechanical weed
control, depending on the cover crop management system (Osipitan et al. 2018). Of these
studies, 94% had a fall-planted cover crop. Herbicides were used to terminate the cover
crops in 30% of the studies and mechanically termination in the rest of the studies. At the
time of cover crop termination, cover crops had suppressed weeds significantly more
compared to where there was no cover crop in regards to both weed biomass and weed
density. Of the studies observed, 70% included tillage as a “no cover crop” treatment. Davis
et al. (2007) found that a winter wheat cover crop, which acts very similar to cereal rye,
had variable effects on controlling horseweed in a corn-soybean rotation.
Werle et al. (2017) found that a cereal rye cover crop reduced winter annual
densities, which included horseweed, by 91% compared with fallow across two sites. In
one of the locations, winter annual biomass was decreased by 91%. In the other location,
winter annual biomass was decreased by 95% where a cereal rye cover crop was present.
In another study, cereal rye provided among the best winter annual weed control
compared to other cover crops (Baraibar et al. 2018). Two timings of cover crop planting
were observed: following winter wheat harvest (long window), and following silage corn
harvest (short window). The cover crops tested were: cereal rye, oats (Avena sativa L.), red
clover (Trifolium pratense L.), Austrian winter pea (Pisum sativum L.), forage radish
(Raphanus sativus L.), and canola (Brassica napus L.), along with mixtures of those cover
crops. Grass cover crops alone and mixtures that included the grass cover crops suppressed
weed densities the most for the long window. In the short window, any cover crop whether
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mixture or monoculture without the cereal rye had much more weed seed production than
treatments with the cereal rye. Within the mixtures containing the cereal rye, the
researchers believe the cereal rye was the driving factor for higher winter annual weed
density suppression. This is because, when the spring cover crop biomass from the mixtures
was measured, the cereal rye biomass accounted for at least 80% of in every mixture
treatment. As a result, compared with a variety of cover crops, the cereal rye suppressed
winter annual densities the most.
Another study looking at cover crop biomass as an indicator of winter and summer
annual weed biomass suppression was in organic citrus orchards in Florida (Linares et al.
2008). They used a wide variety of summer and winter cover crops. Many of the winter
cover crop treatments were cover crop mixtures. Cereal rye was in several of the treatments,
both as a monoculture and included in mixtures. Of the single species winter cover crops,
radish and cereal rye produced the most biomass. The greatest biomass of all winter cover
crop treatments was a mixture of cereal rye, crimson clover (Trifolium incarnatum L.), and
radish. Across all the years of the study, there was not one cover crop treatment that reduced
weed biomass the most; however, all cover crop treatments reduced weed biomass
anywhere between 78-98% compared to the grass fallow.
One study looked at using cereal rye to control weeds in a niche summer fallowwheat system in Canada (Moyer et al. 1999). The cereal rye was compared against a winter
wheat cover crop and a no-cover-crop treatment that had a fall application of 2,4-D. Cereal
rye biomass was greater than winter wheat in both years. However, due to poor stands in
the first year, weed biomass in the cereal rye was equal to the no-cover-crop treatment.
Compared to bare fallow in the second year, cereal rye reduced weed biomass by roughly

11

50%. In the second year of the study, the cereal rye cover crop by itself was as effective in
weed density suppression as the cereal rye plus either tillage or glyphosate. The main weeds
suppressed by the cereal rye cover crop compared to a winter wheat cover crop or fallow
were dandelion [Taraxacum officinale (F. H. Wigg)] and wild buckwheat (Fallopia
convolvulus L.).
Weed Management Benefits of Cover Crop Residue
As mentioned previously, cover crop residue left behind after termination can still suppress
weeds. Overall, in the meta-analysis mentioned previously, weed control resulting from
cover crop use occurred at the time of cover crop termination through seven weeks after
the planting of the cash crop (Osipitan et al. 2018). However, this was not the case in every
study (Osipitan et al. 2018). Therefore, using cover crops could allow a grower to reduce
tilling as well as herbicide usage. In one year of a two-year study, a wheat cover crop
effectively reduced horseweed densities up to one month after soybean planting (Davis et
al. 2007).
Another study looked at using buckwheat (Fagopyrum esculentum Moench) cover
crop residue to control winter annuals prior to growing winter wheat. In this research, the
buckwheat was planted in mid-July and early August after plowing, disking, and
cultivating the field (Kumar et al. 2011). At the second planting time, buckwheat was
planted in both tilled and no-till plots. In the first of the two years, winter annual emergence
was very low so there were no treatment effects. In the second year, buckwheat
significantly reduced common chickweed [Stellaria media (L.) Vill.]. The effects of
residue were also tested by sowing winter annual weeds- corn chamomile (Anthemis
arvensis L.), shepherd’s-purse [Capsella bursa pastoris (L.) Medik], common chickweed,
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and yellow rocket (Barbarea vulgaris W. T. Aiton) in pots and incorporating fresh
buckwheat residue. It significantly reduced densities of all but the yellow rocket; biomass
was also lower for all four weeds where there was buckwheat residue compared to where
there was none.
Another study which examined cereal rye controlling summer annual weed density
was carried out prior to vegetables (Leavitt et al. 2011). The cereal rye was compared
against hairy vetch (Vicia villosa Roth), as well as a mixture of cereal rye and hairy vetch.
The cover crops were killed by a roller-crimper. At one location, the main weeds were
shepherd’s purse, foxtail (Setaria spp.), common lambsquarter (Chenopodium album L.),
and redroot pigweed (Amaranthus retroflexus L.). The cereal rye and mixture both reduced
total weed populations by 96% in both years of the study at the first location, which was
16% more than hairy vetch by itself.
Another vegetable system with weed suppression benefits from cereal rye was
edamame [Glycine max (L.) Merr.] (Crawford et al. 2018). Cover crops compared against
cereal rye were canola and radish; the canola and cereal rye both had early and late-kill
treatments. The early-kill was in early and mid-April; the late kill was in mid-April and
early May, for the canola and rye, respectively. The lowest weed density was in late-killed
cereal rye; the next lowest weed density was early-killed rye. For weed biomass, the timing
of the cereal rye termination was irrelevant. It had the lowest weed biomass compared to
the canola or the control.
A small-seeded summer annual successfully controlled by cereal rye was redroot
pigweed (Teasdale and Mohler 2000). This study observed the effect cereal rye had on
weed suppression after cover crop termination. At an exponential rate, the greater the
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biomass of cereal rye, the less redroot pigweed emerged. This was also the case with Smith
et al. (2011), though not exponentially. Further research should be done to see if adding a
fall or spring-applied herbicide would decrease density and biomass of winter annuals such
as horseweed.
One recent study compared cover crops against each other and against some
herbicide programs to control winter annuals prior to soybeans and summer annuals in
soybeans. Cornelius and Bradley (2017) compared all of the following cover crops across
eight site-years in Missouri: cereal rye, hairy vetch, cereal rye and hairy vetch mixed,
wheat, Italian ryegrass [Lolium perenne L. ssp. multiflorum (Lam.) Husnot], oats, crimson
clover, Austria winter pea, and radish. The herbicide programs were- 1) Fall-applied
glyphosate mixed with 2,4-D, sulfentrazone, and chlorimuron-ethyl; 2) A spring PRE:
glyphosate, 2,4-D, sulfentrazone, and chloransulam-methyl with a POST including
fomesafen and S-metolachlor; and 3) A spring PRE with glyphosate and 2,4-D. The cereal
rye reduced early-season waterhemp (Amaranthus tuberculatus Moq.) densities more than
any other cover crop and it also provided similar waterhemp control to the first and the
third herbicide programs. Cereal rye alone and the cereal rye with hairy vetch mixture
provided the best winter annual weed control from among the cover crops; however, this
control was not as effective as the fall herbicide program. Cover crops reduced winter
annual emergence between 23% and 72%. The fall herbicide program provided a 99%
reduction.
Integrated Weed Management with Cover Crops and Herbicides
The previous study compared cover crops against herbicides. However, relatively little
research has been conducted on utilizing cover crops and herbicides together to control
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weeds in grain crop systems. However, one study at the University of Kentucky was done
evaluating this in sweet corn (Zea mays L.) and pumpkin (Cucurbita spp.)-growing areas.
The main plot factor was herbicide treatment versus none, and the sub-factors were various
cover crops (Galloway and Weston 1996). The herbicides applied in sweet corn were
alachlor mixed with cyanazine, and ethalfluralin was applied for pumpkin. The sub-factors
were: cereal rye, vetch mix, ladino clover (Trifolium repens L.), and conventional tillage.
Though it was a harsher winter than normal, weed biomass taken four weeks after the sweet
corn planting was lower wherever an herbicide was used, with the exception of ladino
clover. However, among the subfactors in plots without herbicides, ladino clover had the
lowest weed biomass. There were no differences in weed biomass among subfactors within
plots that received herbicides. Though this was preliminary work, it shows promise for
integrated weed management systems. More research could be done on combining cover
crops and herbicides together to suppress weeds in a cash crop system.
Another study compared three herbicide programs against each other and various
cover crops to control winter annuals prior to soybeans and summer annuals in soybeans1) Fall-applied glyphosate mixed with 2,4-D, sulfentrazone, and chlorimuron-ethyl; 2) A
spring PRE including: glyphosate, 2,4-D, sulfentrazone, and chloransulam-methyl with a
POST including fomesafen and S-metolachlor; and 3) A spring PRE including glyphosate
and 2,4-D. (Cornelius and Bradley 2017). Both the first and third herbicide treatments
reduced early-season waterhemp emergence by 26%. The fall herbicide program reduced
winter annual weed emergence by 99%. The second treatment reduced late-season
waterhemp emergence by 93%. Whereas, the fall herbicide program reduced summer
annuals emerging early more than the spring PRE without residual. The spring PRE with
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residual did provide similar control to both of these herbicide programs. Cereal rye reduced
early-season waterhemp emergence by 35%. This was higher reduction in emergence than
both the spring and fall herbicide treatments. In regards to late-season waterhemp
emergence, cereal rye provided a reduction of 40%, but there was no cover crop treatment
that provided near the 97% reduction that the spring PRE did.
Cereal Rye as a Cover Crop
A cereal rye cover crop is widely adaptable to a variety of climates (Clark 2012). It
has some of the best winter hardiness of any cereal cover crops (Clark 2012; Hayden et al.
2015). In addition, cereal rye grows well in the fall and quickly in the spring, which can
allow for timely killing before the next cash crop (Clark 2012). Cover crops such as cereal
rye produce large amounts of aboveground biomass (Clark 2012; Snapp et al. 2006). This
allows for more soil cover, and cereal rye cover crops have extensive root systems as well
(Clark 2012; Snapp et al. 2006). Residue from cereal rye can also inhibit weed germination
and emergence in at least three possible ways: altering seed dormancy environmental cues,
physically interfering with emergence, and releasing phytotoxic compounds (Mirsky et al.
2013).
Another benefit of a cereal rye cover crop is its ability to hold onto soil moisture.
The later that it is terminated, the more biomass can be produced and the greater the
potential for holding onto soil moisture. Delaying the cereal rye kill date increases the
amount of residue left behind and the resistance of the cereal rye decomposition (AlonsoAyuso et al. 2014). Increasing amounts of rye residue can preserve soil water content
(Williams and Weil 2004; Westgate et al. 2005). This is because the residue will be
covering the soil, which would reduce evaporation. Though a thick mulch was left behind,
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the following soybeans had a higher yield compared to the untreated check and all of the
other treatments, even in a drier than normal year (Williams and Weil 2004).
In another study, cereal rye had no impact on soybean growth in regards to nitrogen
accumulation, biomass, or leaf area compared to soybeans without a prior cover crop
(Basche et al. 2016). Some studies have shown soybeans following cover crops like cereal
rye have the highest or near-highest yields compared to other treatments (Harasim et al.
2017; Rizzardi and Silva 2014). However, in another study, cereal rye cover crop had no
effect on soybean yield (Ruffo et al. 2004). This calls into question what impact a cereal
rye cover crop might have on soybean yields in central Kentucky.
Conclusions
Winter cover crops such as cereal rye have reduced horseweed populations. In
addition, herbicides such as saflufenacil, 2,4-D, and dicamba all reduce horseweed in
agronomic cropping systems. However, there has been little research on using
combinations of a cereal rye cover crop with any of the herbicides mentioned above. Bolte
(2015) and Davis et al. (2007) both suggest that Midwest growers should manage
horseweed before crop establishment. In order to sustainably control weeds, more emphasis
in agricultural research must be given on management methods than on short-term
technological advancements (Radosevich et al. 1992). Therefore, it is necessary to further
center on the best way to manage horseweed prior to soybeans in central Kentucky.

17

CHAPTER 2: INTEGRATING COVER CROPS AND HERBICIDES FOR
HORSEWEED [Conyza canadensis (L.) Cronq.] MANAGEMENT PRIOR TO
SOYBEAN [Glycine max (L.) Merr.]
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Introduction
Glyphosate-resistant soybeans have been widely used since their commercial introduction
in 1996 (Young 2006). The purpose of herbicide-resistant cash crops was not to limit
growers to only using a single herbicide, such as glyphosate (Burnside 1992). Instead,
herbicide-resistant crops were intended to help make weed management systems more
integrated with backup control methods, if necessary (Burnside 1992). Unfortunately,
herbicides such as glyphosate were sometimes used as a sole source of weed management.
Many growers applied it multiple times within a growing season, while at the same time
using rates and application timings that were not recommended by the label. As a result,
many weed species have evolved to be herbicide-resistant and continue to do so
(VanGessel 2001). One such weed is horseweed.
In Kentucky, glyphosate-resistant horseweed is one of the most common weeds in
soybeans (Martin and Green 2016). This is particularly true in no-till soybeans in Kentucky
(Martin and Green 2016). In the past, horseweed dominated mainly non-cropland areas
(Buhler and Owen 1997; Nandula et al. 2006). No-till cash crop fields may act similarly to
non-cropland areas in regards to weed populations (Buhler and Owen 1997; Nandula et al.
2006). Because of this, farmers that increased acreage into no-till management in the U.S.
observed a rise in horseweed prevalence in cash crops (Brown and Whitwell 1988; Buhler
and Owen 1997; Kruger et al. 2010; Shields et al. 2006). Horseweed was first documented
to be glyphosate-resistant in Delaware after only glyphosate was used for chemical weed
control in a particular area for three consecutive years in continuous soybeans (VanGessel
2001).
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Horseweed can emerge at several various times throughout the year, depending on
the location (Bolte 2015; Loux and Johnson 2010; Martin 2013; Shields et al. 2006). In
central Kentucky, peak emergence can be anywhere from mid-March through early
November (Dr. Erin Haramoto and Dr. J.D. Green, University of Kentucky Weed
Scientists, personal observations). Horseweed are best controlled as a seedling or small
rosette (Loux and Johnson 2010; Mellendorf et al. 2013). Thus, horseweed populations,
when managed by herbicides, should be sprayed either by using pre-emergent herbicides
or by some kind of burndown after emergence, regardless of the emergence timing.
Saflufenacil can effectively control horseweed prior to a cash crop when used as a
burndown application (Mellendorf et al. 2013). It is a PPO-inhibiting herbicide, and some
herbicides in this group can result in weed tissue necrosis within 24 hours. Growth
regulator herbicides such as 2,4-D and dicamba are also effective for controlling horseweed
(Bolte 2015; Eubank et al. 2008). For certain horseweed heights, dicamba killed 10-20%
more horseweed than 2,4-D (Bolte 2015). However, though many herbicide active
ingredients effectively control horseweed, using only chemical management techniques
could increase selection pressure for more herbicide resistance.
Cover crops can contribute to integrated weed management in order to broaden
weed control techniques. Cover crops are normally planted between cash crops for benefits
they provide compared to leaving land fallow. Weed control from cover crops can be
obtained by any of the following methods: intercepting light and precipitation, as well as
soil moisture and nutrients. Cover crop residue can inhibit weed germination and
emergence in three possible ways: changing environmental cues to break seed dormancy,
physically interfering with emergence, and releasing phytotoxic compounds (Mirsky et al.
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2013). Some studies have shown a cover crop prior to soybeans lowers weed pressure, such
as horseweed (Hayden et al. 2012). Cereal rye is a popular cover crop since it contributes
many of these desirable characteristics.
There is limited research on using cover crops and herbicides together to control
weeds in grain crop systems. Many growers in Kentucky already using cover crops for
their various benefits are asking how they can best integrate herbicides to control
problematic weeds such as horseweed to the best of their abilities. Therefore, the main
objective of this study was to determine the effects of a fall-planted cover crop, a fallapplied herbicide, and spring-applied herbicides on horseweed density prior to planting
soybeans. We hypothesized all three factors used together would result in the lowest
horseweed population.
Materials and Methods
Site Preparation
Field studies were conducted at the University of Kentucky C. Oran Little Research Center
in Versailles, KY (38.05°N, -84.71°W) for two years, from the fall of 2016 until the fall of
2018. The soil type was a mix of Bluegrass and Maury silt loams, which are fine, mixed,
active, mesic Typic Paleudalfs. The study was arranged as a split-plot, randomized
complete block design. The cereal rye cover crop was the main plot factor, and herbicide
treatments (combination of fall and spring-applied) were subplots. The fall herbicide
treatments were with and without saflufenacil; the spring herbicide treatments were 2,4-D
ester, dicamba, and no herbicide (Table 2.1). The herbicide treatments were arranged as
factorial treatments within the main plot. Each treatment was replicated six times and
individual plots measured 3.1 m x 6.2 m. The field was fallow prior to the beginning of the
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study. For the second year of the study, the plots were moved immediately adjacent to the
previous year’s plots, in order for both years of the study to be after fallow ground. This
was to ensure emergence of a vigorous horseweed population.
Cereal rye (‘Aroostook’) was planted with a no-till drill at 19 cm spacing at a
seeding rate of 91 kg/ha on November 1, 2016 and October 27, 2017. The cover crop was
terminated on April 18, 2017 and April 25, 2018 using glyphosate (Roundup PowerMax,
Bayer, 1265 g ae/ha) with a spray volume of 140 L/ha using an ATV at 9.7 km/h at 40 psi
with AIXR 11003 nozzles. Termination occurred when the cover crop was approximately
1 m tall and at the Feekes’ 10 stage.
Potassium (potassium chloride, at the rate of 56.1 kg product/ha) was broadcast
prior to soybean planting in 2017 according to soil test recommendations. No other
supplemental fertility was needed in 2018 according to soil tests.
Other herbicide treatments were applied using a backpack sprayer with a 6-nozzle
boom. Boom height was 50 cm. The saflufenacil [Sharpen, BASF, 50 g ai/ha, MSO (1%
V/V), and AMS (10.18 g/L)] was applied on October 31, 2016 and October 26, 2017.
Dicamba (Clarity, BASF, 281 g ae/ha) and 2,4-D ester (2,4-D LV4, Winfield United, 800
g ae/ha) were both applied on March 10, 2017 and April 5, 2018 at a spray volume of 140
L/ha using TTI 11002 nozzles at 30 psi. At the timing for the spring herbicide application,
the cover crop was roughly 45-50 cm tall. The cover crop was at Feekes’ 6 at this time in
2017; it was at Feekes’ 7 in 2018.
Soybean planting and management
The soybeans (AG42X6, Asgrow) were drilled on 38 cm rows at a rate of roughly 346,000
seeds/ha on May 18, 2017 and May 29, 2018. There was an additional glyphosate
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(Roundup WeatherMax, Bayer, 1265 g ae/ha) application at a spray volume of 140 L/ha in
2018. This was done when the soybeans were at the V3 growth stage, and it was carried
out due to an extensive amount of johnsongrass [Sorghum halepense (L.) Pers.] in all of
the plots. However, there was no additional post-emergence herbicide application was used
in 2017.
Data collection
Prior to the cover crop termination, above-ground biomass of the cover crop and weeds
was sampled by randomly placing a 0.25 m2 quadrat twice per plot. Then, all of the plants
were clipped at the soil surface, while always making sure to have two rows of the cover
crop within the quadrat in plots where cover crop were sampled. Biomass was separated
into cover crop and weeds, and then was dried at 60° C until a constant mass was achieved
and then weighed. In addition, weed biomass was sampled in the fall of both years prior to
the soybean harvest by using the same methods as the spring biomass sampling.
Horseweed density was measured in two permanent quadrats per plot. These were
placed randomly, then stakes were placed in the corners of the quadrats so the same area
was counted consistently (Table 2.2). Some of the earliest counts used quadrats measuring
0.085 m2 due to high weed densities. Later, these quadrats were replaced with 0.25 m2
quadrats, in order to have larger areas of every plot sampled. Total weeds other than
horseweed was also determined at all of the sampling times except the following:
November 28, 2016, June 13, 2017, October 31, 2017, November 28, 2017, and July 10,
2018.
Soybean density was determined approximately two weeks after soybeans were
planted. This was done by counting soybean plants alongside a 3.1 m pole in two rows per
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plot. In addition, soybean height and stage were recorded every two weeks from this time
until two weeks before harvest. This was carried out by noting the height (cm) and growth
stages (Fehr and Caviness 1977) of seven random plants per plot.
On September 29, 2018, at the last height and staging sampling for soybean, there
was a high amount of disease present in all plots. This was after leaves had dropped from
almost all soybean plants. Plant samples were sent to the University of Kentucky Plant
Disease Diagnostics Laboratory to identify the disease. Plots were subsequently rated for
disease incidence and severity. First, every plot as a whole was assessed for the percent of
infected soybean plants. Then, five to ten random plants were chosen and a visual rating
for percent soybean stem infection was taken. Next, a visual rating for percent pod infection
was taken. If this visual rating was greater than 50%, one infected pod was opened to
visually rate the percent infection of the soybean seeds inside.
The soybeans were mechanically harvested with a combine harvester on November
9, 2017 and October 18, 2018. The four middle rows of every plot (152 cm total) were
harvested to avoid edge biases. Yield, as well as moisture percentage, were recorded with
a yield monitor in the combine harvester. All of the plot yields were standardized to 13%
moisture prior to statistical analysis.
Statistical Analysis
For statistical analyses, all counts were standardized to the larger quadrat size. All
measurements within an experimental unit (i.e., one plot) were averaged within each plot.
These include weed and soybean density, cover crop and weed biomass, and soybean
height, growth stage, and disease ratings. Year was also added in several analyses in order
to compare the above variables across the two years of this study. This was especially true
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for the cover crop, to observe how they could differ between the two years. All data were
analyzed using SAS 9.4 with PROC MIXED, and an alpha level of 0.05 was used to
determine significant effects. Many dependent variables were not normally distributed and
had heterogeneous variances. This was largely because of the high efficacy of the herbicide
treatments. As a result, log and square root transformations were performed. When these
transformations did not provide normality or homogeneous variances, the main factors
were examined individually in the absence of all of the interactions.
If data were still not normal or have homogeneous variances, a negative binomial
distribution was used. When the ANOVA resulted in significant interactions, they were
then sliced by the main effects in order to determine the driving force(s) of the interaction.
Tukey’s test was also used in some instances to better understand certain interactions.
Block was treated as a random factor, while the cover crop, fall herbicide, and spring
herbicide treatments were treated as fixed factors. Analysis for the horseweed density
collected on June 13, 2017 was ran differently becauase not all of the treatments were
evaluated. For this, an overall ANOVA was conducted, and the means were separated using
a Tukey’s test.
Results and Discussion
Weather
The average temperatures were warmer than the 30-year average in 2016-17 for this study
(Figure 2.1). However, the average temperatures were mostly colder than the 30-year
average in 2017-18, especially during the winter (Figure 2.1). For the rest of both years,
2018 was slightly warmer than 2017, though both years were warmer than the 30-year
average. Precipitation for most of the months in this study were greater than the 30-year
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average for this location (Figure 2.2). This was especially true in February 2018, which
might have affected mid-winter cover crop growth and development. November and
December 2017, however, were characterized by below-average precipitation.
Spring Cover Crop and Total Weed Biomass
The spring cover crop biomass collected was significantly affected by year, but not by any
of the herbicide factors (Table 2.3). The cover crop biomass in 2018 (148 g/m2) was
roughly half of what it was in 2017 (314 g/m2). Poor cover crop stands in 2018 likely
contributed to the reduced biomass. Precipitation was unusually high in February 2018,
which might have impacted the cover crop.
In 2017, there were no significant interactions between factors on total spring weed
biomass sampled at the time of cover crop termination, but all three main factors were
individually significant for weed biomass prior to soybean planting (Table 2.3). The cover
crop, fall herbicide, and spring herbicide treatments all reduced spring weed biomass prior
to soybean planting. Both of the spring herbicides reduced biomass equally relative to no
spring herbicide (Table 2.4).
In 2018, the combination of the cover crop and fall herbicide reduced spring weed
biomass the most (Table 2.4). The cover crop alone and the fall herbicide alone also
reduced spring weed biomass, but not as greatly as the combination of the two. The cover
crop effect on spring weed biomass at this time was surprising since the cover crop biomass
was lower in this year relative to the previous year. The spring herbicide treatment did not
affect spring weed biomass in 2018 prior to planting, whether alone or in combination with
the other treatment factors.
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In summary, both the fall herbicide and the cover crop reduced spring weed
biomass compared to the control (Table 2.4). Furthermore, in the second year there was
additional reduction in spring weed biomass in subplots containing fall herbicide with the
cover crop (Table 2.4). We hypothesized each of the three factors would reduce spring
aboveground weed biomass independently and be more effective when all three of the
factors were combined. However, the only interaction for reducing spring aboveground
weed biomass was the cover crop and fall herbicide interaction in 2018. Hayden et al.
(2012) reported cereal rye reducing winter annual biomass from 95-98%. Prior to sweet
corn, cereal rye reduced spring weed biomass in Kentucky (Galloway & Weston 1996). In
both years, we observed that the cover crop reduced weed biomass. Both spring herbicides
were effective only in 2017, when the weed densities were higher and the spring herbicides
were applied three weeks earlier than in 2018. In addition, there was most likely a delay in
spring herbicide activity due to cold spring temperatures in both years. There was also a
short interval between the spring herbicide application timing and soybean planting. Both
2,4-D and dicamba have been shown to be effective against glyphosate-resistant weeds,
specifically horseweed, within roughly a month after treatment (Bolte 2015; Eubank et al.
2008).
Horseweed Weed Density
The average horseweed densities for each treatment at each sampling date are provided in
Tables 2.5 and 2.6. The results of analyses of variances (p-values) for horseweed density
in both years are seen in Tables 2.7 and 2.8. In the fall of both years, the fall herbicide
application reduced horseweed density by about 99% relative to where the herbicide was
not applied; therefore, only the main effect of the cover crop was analyzed in the absence
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of this application. In early and late November of both years, where there was no fall
herbicide applied but the cover crop was present, horseweed densities were significantly
reduced (Tables 2.7, 2.8; Figure 2.3).
The cover crop in absence of the fall herbicide also significantly reduced the
horseweed density two weeks before the spring herbicide application in 2017, but not at
the same time point in 2018 (Figure 2.3). The general lack of cover crop effect in early
2018 may be a result of lower cover crop biomass. In addition, horseweed densities in the
control treatment were much lower at this time in 2018 compared to 2017. However, why
horseweed density was so low in 2018 (effectively zero) is unclear. Perhaps rainfall and
damp soils followed by freezing temperatures killed plants or impacted spring germination.
The early spring application of either spring herbicide effectively killed horseweed
in 2017 by three weeks after application (personal observations: 95-100% control) so
density at three weeks after the spring herbicide application was analyzed only in the
absence of a spring application. Also at this time point, the fall herbicide also reduced
horseweed densities at this time (Table 2.9). In addition, the cover crop alone also reduced
horseweed densities at this time point (Figure 2.3).
In 2018, two weeks after the spring herbicide applications, only the main factors
could be analyzed individually; none was significant (Table 2.8). One possible explanation
for no significance from the main factors is that overall horseweed density was lower and
more variable in 2018 than in 2017 (Tables 2.4 and 2.5). Therefore, not many differences
would be expected, if any at all, between the control and other treatments/factors.
For early May 2017, after the cover crop was terminated, the only significant effect
on horseweed density was an interaction between the cover crop and spring herbicide
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treatments. Without the cover crop, there were differences in spring herbicide treatment
subplots (Table 2.10). Specifically, without a cover crop, there were more horseweed
where there was no spring herbicide compared to where either one was applied, but there
was no difference between these two spring herbicide products (Table 2.10). The cover
crop alone and the cover crop with either spring herbicide resulted in similar horseweed
densities to either spring herbicide with no cover crop.
In early May 2018, after cover crop termination, there was a significant interaction
between the fall herbicide and the cover crop treatment. Also at this time point, there was
a significant interaction between the spring herbicide and cover crop treatment (Table 2.8).
Regardless of the spring herbicide treatment, the cover crop still reduced horseweed
compared to plots without the cover crop in almost all instances (Table 2.10). There were
no differences between spring herbicide treatments, including the no herbicide treatment,
where there was a cover crop (Table 2.10). However, where there was no cover crop,
subplots with either spring herbicide application had lower horseweed densities compared
to subplots without a spring herbicide; there was no difference between either spring
herbicide in this instance (Table 2.10). This was similar to results in 2017, but the
reasoning makes more sense in 2017 than 2018 due to the lower biomass observed in 2018.
In addition, regardless of whether a subplot had the fall herbicide applied, the cover crop
reduced horseweed densities despite the lower biomass (Table 2.11). Where there was no
cover crop, however, there were less horseweed where there was no fall herbicide
compared to subplots with a fall herbicide (Table 2.11). This result was seen in both years
due to the limit in long-term fall herbicide efficacy. Though it was effective in the fall,
subplots with the fall herbicide at spring-time weed counts were assumed to actually be
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conducive for increased horseweed emergence compared to the control based off of the
observations of this study. This was because, when the fall herbicide killed fall-emerging
horseweed, all other fall-emerging weeds were killed as well. So, when horseweed began
to emerge in the early spring in plots that only had the fall herbicide, there was no
competition for them prior to soybean planting.
When the soybeans were at the VC stage in 2017 (early June; approximately 2
weeks after planting), there was a significant cover crop and spring herbicide treatment
interaction, as well as a significant fall herbicide and spring herbicide treatment interactive
effect on horseweed density (Table 2.7). For both interactions, mean horseweed densities
were compared using Tukey’s adjustment for LSMEANS. The spring herbicides did not
affect horseweed density where the cover crop was present (Table 2.10). Without a cover
crop, both spring herbicides reduced horseweed density relative to no spring herbicide
(Table 2.10). For the fall herbicide and spring herbicide interaction, results were somewhat
varied because of the fall herbicide. Subplots with the fall herbicide application, regardless
of the spring herbicide treatment, showed no difference from the untreated control (Table
2.12). Definitive results from this interaction were that subplots with no fall herbicide
application and either of the spring herbicides had lower horseweed densities than the
control.
In early June 2018, when the soybeans were at the V1 growth stage, there was an
interaction between the cover crop and fall herbicide treatments, as well as an interaction
between the fall and spring herbicide treatments (Table 2.8). Where there was no cover
crop, there were significantly more horseweed in subplots with the fall herbicide
application compared to subplots without the fall herbicide (Table 2.11). With the cover
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crop, horseweed density was similar regardless of whether or not the subplot contained the
fall herbicide (Table 2.11). In subplots with the fall herbicide application, there was
significantly more horseweed where there was no cover crop compared to plots with a
cover crop (Table 2.11). For the spring herbicide and fall herbicide treatment interactions,
it was observed that subplots without the fall herbicide but with a spring herbicide reduced
horseweed densities compared to subplots with the fall herbicide (data not shown). This
was regardless of which spring herbicide was applied. The slow change in the fall herbicide
efficacy discussed previously in May of 2018 was especially observed here, as there was
no difference between subplots containing the fall herbicide application with and without
a spring herbicide.
By mid-June 2017, when soybeans were at the V2 growth stage and 4 weeks after
planting, only treatments that received the fall herbicide were counted, as well as the
control, so contrast statements were used to determine differences among treatments (Table
2.13). Again at this time point, the cover crop in the presence of the fall herbicide
application provided better horseweed control than the fall herbicide application alone
(Table 2.13). In addition, subplots including cover crop and 2,4-D and the fall herbicide
reduced horseweed greater than the fall herbicide alone (Table 2.13). However, cover crop
and the fall herbicide and dicamba did not reduce horseweed compared to the fall herbicide
alone (Table 2.13). The reasoning behind this is unclear, as there had been no differences
between both of the spring herbicides before this time point in either of the two years of
this study. Treatments with a cover crop and fall herbicide provided higher horseweed
reduction than the control, as well as treatments containing all three factors, regardless of
which spring herbicide was applied (Table 2.13). Subplots with the fall herbicide alone, or
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even combined with either of the spring herbicides, was no different than the control (data
not shown). All observations from this time point seem to conclude that the cover crop was
a key factor for reducing horseweed densities.
In mid-June 2018, three weeks after soybean planting when soybeans were at V1,
the only significance was an interaction between the cover crop and fall herbicide treatment
(Table 2.8). There was no difference between subplots with and without the cover crop that
received the fall herbicide (Table 2.11). At this time point, the treatments resulting in lower
horseweed densities compared to the cover crop plus fall herbicide treatment were the
cover crop without fall herbicide treatment and the control treatment (Table 2.11). Both of
these treatments had similar horseweed density. Approximately three weeks later, in midJuly 2018, the only significant differences observed were between the fall herbicide
treatments (data not shown). As seen previously, there were less horseweed in subplots
without the fall herbicide compared to with the fall herbicide.
Overall, the fall-applied herbicide killed fall-emerging horseweed effectively.
Because of effective control of horseweed and other fall-emerged weeds (see next section),
horseweed emerging in the early spring had less competition in plots that received the fall
herbicide. In plots with only the fall herbicide, horseweed started to emerge not long before
soybean planting in both years and continued until after soybean establishment, leading to
higher densities. The cover crop suppressed horseweed from the time of its planting
through roughly a month after its termination in the first year. In the second year, the cover
crop also suppressed horseweed throughout the fall, but low density in April precluded the
detection of treatment differences. After cover crop termination, the cover crop residue
effectively suppressed the second flush of horseweed emergence despite a poor cover crop
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stand in the second year. Increases in horseweed density were seen in in the second year
at soybean planting and then again roughly three weeks later in most plots, including the
control. For both years, two weeks after cover crop termination, an interaction was seen
between the spring herbicide treatment and the cover crop. Where there was no cover crop,
both spring herbicides reduced horseweed densities compared to no spring herbicide
application. This was not the case where there was cover crop, though, regardless of
whether the cover crop stand was good (the first year) or poor (the second year). These
results show a cereal rye cover crop can reduce horseweed emergence regardless of other
control methods. The spring herbicides by themselves controlled horseweed up to two
months after application compared to no spring herbicide. In 2018, though horseweed
suppression was not seen right after the spring herbicide treatment application, less
horseweed was seen roughly a month later. However, when paired with either the fall
herbicide or cover crop, the spring herbicide effects later in the soybean season varied in
terms of horseweed densities in the first year but in the second year did not significantly
suppress horseweed.
Weed Density Excluding Horseweed, Prior to CC Termination and After Soybean Planting
In addition to horseweed, all other weed species in marked quadrats were counted after the
spring herbicide application (March 30, 2017 and April 19, 2018), after the cover crop
termination (May 2, 2017 and May 9, 2018), and after the soybean planting (June 13, 2017
and June 5, 2018). The most common weeds other than horseweed found in this study were:
johnsongrass, smooth pigweed (Amaranthus hybridus L.), common lambsquarters, pitted
morningglory (Ipomoea lacunosa L.), ivyleaf morningglory (Ipomoea hederacea Jacq.),
dandelion, Carolina geranium (Geranium carolinianum L.), henbit (Lamium amplexicaule
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L.), and field pansy (Viola bicolor Pursh). The analysis of variance results (p-values) for
treatment effects on total weed density excluding horseweed in the first year can be viewed
in Table 2.14.
In March 2017, following the spring herbicide treatment application and prior to
cover crop termination, the total density of weeds other than horseweed was only
significantly impacted by the spring herbicide factor (Table 2.14). The only difference in
this interaction was that the 2,4-D resulted in fewer total weeds than having no spring
herbicide applied (Figure 2.4). The reasoning for this is uncertain, as dicamba should
control the spectrum of weeds observed in the field at the time of application.
In April 2018, two weeks after the spring herbicide treatments were applied, there
were no significant treatment effects. We believe this was because April 2018 had almost
half as much rainfall compared to 2017, as well as cooler temperatures (Figure 2.1).
Because of these cooler temperatures, the weeds were most likely not growing as actively,
which might have lowered the effectiveness of the spring-applied herbicides on weed
density, just like with the weed biomass mentioned above (since they were growth
regulators). In addition, many of the winter annuals were flowering at this point, making
the herbicides less effective.
In early May of 2017, two weeks after cover crop termination, there were
significant interactions between the cover crop and the spring herbicide on total weed
density, as well as a significant interaction between the cover crop and fall herbicide
treatment (Table 2.14). Without a cover crop, there were more total weeds in subplots with
the dicamba than the 2,4-D (Table 2.15). Total weed density was similar in plots with the
cover crop, regardless of whether a spring herbicide was applied or not. This is similar to
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the effect observed for horseweed density. As with horseweed density, these results
suggest that the cover crop was suppressing emergence of other weed species as well.
There were less total weeds in subplots with the fall herbicide application and no cover
crop compared to subplots with the fall herbicide and cover crop (Table 2.15).
In early May 2018, 2 weeks after cover crop termination, total weed density was
affected by the cover crop and fall herbicide main effects (Table 2.16). There were more
weeds other than horseweed where there was no cover crop (184 weeds/m2) compared to
plots with cover crop (112 weeds/m2). There were also more total weeds where the fall
herbicide was applied (168 weeds/m2) compared to where there was none applied (128
weeds/m2). The increased weed density after cover crop termination in plots that received
the fall herbicide application was similar to what we observed in 2017. However, the cover
crop effect was different than the previous year. While the cover crop reduced density of
weeds other than horseweed in both years, we observed interactions with the spring
herbicide treatment in 2017 that were not observed in 2018. This could be due to
differences in the weed community composition between the two fields, or differences in
weather conditions.
At two weeks after soybean planting in 2017, there was again an interaction
between the fall herbicide treatment and cover crop, as well as an interaction between cover
crop and the spring herbicide treatment (Table 2.14). Subplots with cover crop and no fall
herbicide had lower weed density compared to subplots without cover crop, regardless of
whether these subplots received the fall herbicide or not (Table 2.17). There were no
differences between any of the other interactions, further demonstrating that the fall
herbicide was no longer effective at this time. The cover crop effect largely drove the
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interaction between cover crop and the spring herbicide factors on total weed density
(Figure 2.5). Within this interaction, the only differences seen were between the following:
subplots with cover crop and 2,4-D had lower total weed densities than plots with no cover
crop and no spring herbicide. The cover crop plus 2,4-D also had lower total weed densities
than plots with no cover crop plus 2,4-D. These data indicate that the cover crop was mostly
effective in reducing density relative to no cover crop, especially after the cover crop
termination.
For early June 2018, one week after soybean planting, there was a three-way
interaction between factors on total weed density. Slicing this interaction highlighted three
significant results: 1) in subplots with cover crop and the fall herbicide application, 2,4-D
had significantly lower weed densities than no spring herbicide. Also, there were no
differences between dicamba and the other spring herbicide treatments in subplots with the
cover crop and fall herbicide (data not shown); 2) in subplots with the fall herbicide and
2,4-D, there were less horseweed where there was cover crop compared to without (data
not shown); and 3) in subplots with the fall herbicide and no spring herbicide, the cover
crop reduced horseweed densities compared to no cover crop (data not shown). Complex
interactions at this time highlight the numerous factors that can influence total weed
densities.
Of the two spring herbicide products, 2,4-D provided effective control of weeds
other than horseweed prior to the time of soybean planting. The dicamba application
resulted in poorer control in this case compared to 2,4-D for unknown reasons, as the
spectrum of weed species at the time of both spring herbicide applications were anticipated
to be controlled. The cover crop provided control of weeds other than horseweed across
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both years mainly near the time of cover crop termination and soybean planting, while the
fall herbicide provided control earlier in the season. Around the time of cover crop
termination in both years, however, the fall herbicide application was associated with
increases in weed density. The pattern for control of other weeds with this fall herbicide
was similar to its control of horseweed. In subplots with the fall herbicide, there were no
overwintering plants to hinder weed emergence in early spring, so there was virtually no
competition for weeds prior to the glyphosate application at the cover crop termination in
both years. This led to a flush of new weed emergence.
Cover crops can suppress the flush in weed emergence that occurs when an
herbicide like saflufenacil is applied in the previous fall. The combination of either one of
the spring herbicides and the fall herbicide did not work as well in this study because they
do not provide residual control. In addition, they were applied too early. Future research
might be concentrated on the combination of a cereal rye cover crop and the timing of
spring-applying herbicides such as 2,4-D and dicamba for effective weed control in
soybeans.
Soybean Establishment, Growth, and Development
Soybean Density
There were no significant differences in soybean density between treatments in either year
(Table 2.18). The soybean density in 2017 averaged 28 plants per 3.05 m row, and 31 plants
per 3.05 m row in 2018.
Soybean Height and Growth Stage
The results of analysis of variance for soybean height and growth stage in 2017 are
presented in Table 2.19. On June 16, 2017, 4 weeks after planting (WAP), the average

37

growth stage was V3, and the growth stage was not significantly different between
treatments. There was a significant three-way interaction for height at this time. To get a
general idea of soybean heights, the cover crop and fall herbicide factors resulted in shorter
soybeans, while subplots with 2,4-D as the spring herbicide treatment contained taller
soybeans (Table 2.20). Soybeans in the control plots averaged 19 cm. In mid-July of 2017,
at 7 WAP, the soybeans averaged R2 and 65 cm in control plots. Soybeans were taller with
either of the spring herbicides, as well as with the combination of the fall herbicide and
either of the spring herbicides. Soybeans were shortest when the cover crop was combined
with the fall herbicide or 2,4-D, or when combined with the fall herbicide and the dicamba.
The soybean stage for this second date could not be analyzed due to normality issues.
Overall for both of these time points, both the cover crop and the fall herbicide
factors reduced soybean height. The residue after the cover crop termination probably
impeded soybean growth due to keeping the soil cooler and wetter. For the fall herbicide,
since more weeds were growing by this time point in subplots with this application, the
extra weed pressure most likely resulted in shorter soybeans. The reasoning for the 2,4-D
effect at the 4 WAP sampling is unclear. Soybeans were also generally taller in subplots
with dicamba at the 7 WAP sampling in 2017. This may be because the dicamba killed
most of the plants other than the soybeans, allowing the soybeans to grow with little
competition.
The results of the analysis of variance for soybean height and growth stage in 2018
is in Table 2.21. In 2018 for mid-June, 2 WAP, there was no significant difference for
height or growth stage (Table 2.21). Soybean height averaged 9.5 cm and were at the V1
stage.
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For late June, 4 WAP, there was no significant difference for height (Table 2.21);
soybeans averaged 25 cm tall at this time point. For soybean growth stage, there was an
interaction between the fall and spring herbicide factors. In subplots with the fall herbicide
and no spring herbicides, soybeans were behind one growth stage compared to subplots
with no fall herbicide or spring herbicides (V3 instead of V4). As a reference, soybeans in
the control plots averaged at V4 growth stage.
In summary, soybean growth stage was minimally affected by the treatment factors
in this study, with only a fall herbicide effect detected at one time in the second year.
Soybean height was diminished by 4-8 cm at 4 WAP in the first year in the following
separate plots: with the cover crop, with the fall herbicide, and with no spring herbicide.
The cover crop reduced soybean height, perhaps because of the cover crop residue that was
present, even though there was lower cover crop biomass in the second year. Plots with the
fall herbicide application showed reduced soybean height most likely because of the switch
in efficacy that allowed for more weed emergence and growth in the late spring and early
summer. For subplots without a spring herbicide, the overall weed density (including
horseweed) was higher, which might explain the reduced soybean height that was observed
in this study.
Disease Rating September 2018
A disease identified as Cercospora Leaf Blight and Purple Seed Stain (Cercospora
kikuchii) was present in this study in the second year. Total plot disease incidence was
affected by the interaction between the cover crop and the fall herbicide, along with an
interaction between the cover crop and the spring herbicides (Table 2.22). In subplots
without a spring herbicide, there was lower disease incidence in subplots with no cover
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crop compared to with the cover crop (Table 2.23). Also, in subplots with the fall herbicide,
there was higher disease where there was cover crop compared to plots without cover crop
(Table 2.23).
More disease was noted on the stems in subplots where the fall herbicide was not
applied compared to subplots with the fall herbicide (Table 2.24). On pods, there was
greater disease severity in plots with cover crop compared to plots without (Table 2.24). In
plots where we observed disease at the seed level, seed disease incidence was lower in
cover crop subplots compared to subplots without (Table 2.24). This might be because in
the study as a whole, not many soybean seeds had been infected yet at the time of this
disease rating.
Rating for the disease at the stem, pod, and seed level confirmed ratings done at the
plot level as a whole. Overall, more disease was present in plots containing the cover crop;
this was probably partially due to the fact that cover crops terminated later, such as in this
study, can result in higher soil moisture content afterwards (Wagner-Riddle 1993). We
believe the opposite was true at the seed level due to the fact the disease was beginning to
infect the seeds at the time of the rating. We hypothesize, with time, seed disease severity
levels would have followed the patterns of the stem and pod disease severity. However, the
likely cause for the catalyst of overall disease incidence was probably the much higher
precipitation totals for September 2018 compared to the 30-year average.
Soybean Yield
In 2017, the first year of this study, there was no treatment effect on soybean yield (Table
2.25). In 2017, soybean yield averaged 5191 kg/ha across all treatments. In 2018, there
was a significant three-way interaction. The cover crop effect was significant when
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combined with the fall herbicide; this was the same for the spring herbicide treatment
effect. The fall herbicide effect was significant when combined with no cover crop, as well
as when the fall herbicide was combined singly with no spring herbicide. First, in subplots
with the fall herbicide, there was lower yield without a cover crop compared to with a cover
crop and fall herbicide (Table 2.26). Also in subplots with the fall herbicide, there was
higher yield in subplots containing either spring herbicide compared to no spring herbicide
(Table 2.26). These differences were most likely seen in the presence of the fall herbicide
due to the lack of its long-term efficacy, making the other two factors stand out more. There
was no difference between the two spring herbicides in regards to soybean yield (Table
2.26). For plots without cover crop and without a spring herbicide, yields were reduced
with the fall herbicide (Table 2.27). Yield was most likely lower in 2018 relative to 2017
due to the Cercospora. Finally, there was no difference in yield for 2017, but in 2018 there
was higher yield where there was no fall herbicide and either a cover crop or spring
herbicide was used. The cover crop and spring-applied herbicides were able to keep
horseweed suppressed enough for the soybeans to grow and yield better than without the
cover crop and spring-applied herbicides.
Fall Weed Horseweed Density and Biomass
In 2017, the horseweed population at the end of the soybean-growing season was
minimal and almost all plots had zero horseweed biomass and thus could not be analyzed.
In 2018, however, there was a measureable population of horseweed prior to soybean
harvest (Table 2.28). The lack of long-term efficacy of the fall herbicide factor discussed
earlier was seen at this time point for horseweed biomass and density. In the absence of
both the cover crop and spring herbicides, almost three times as much horseweed biomass
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was present where the fall herbicide had been applied (191 g/m2) compared to where it was
not applied (65 g/m2), which was significant. Also, the highest horseweed density at this
time point was where there was fall herbicide but no cover crop; all other combinations of
cover crop and the fall herbicide were equal to each other (Table 2.29). This somewhat
follows the fall horseweed biomass results; both the fall horseweed biomass and fall
horseweed density count results may help explain the difference in soybean yield for 2018.
More research should be conducted to find consistent results on the possible effect of cereal
rye cover crop residue to control horseweed late into the soybean-growing season.
Conclusions
Overall, the cereal rye cover crop suppressed horseweed, as well as other weeds observed
in this study. The weed control occurred while the cover crop was actively growing, and
the cover crop residue continued to provide weed suppression after its termination in 2017.
In addition, the cover crop improved soybean yield in 2018. Both spring herbicides
suppressed horseweed for roughly two months after application compared to no spring
herbicide application, but the 2,4-D provided more consistent control than the dicamba.
The reason for this is unknown. However, in 2018, both of these herbicides, applied in
different subplots, resulted in higher soybean yields in subplots that also contained the fall
herbicide compared to no spring herbicide. The fall herbicide provided control of
horseweed until around late spring/early summer. Then, the fall herbicide was ineffective
due to horseweed emerging in the early spring without competition from winter annuals.
Therefore, if the fall herbicide is to be used, a follow-up method of weed control is needed
for the spring. Because of the switch in the efficacy of the fall herbicide, interactions
between it and the other two factors were variable throughout both years in regards to
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horseweed control. Interactions between the spring herbicides and the cover crop usually
resulted in lower horseweed densities, especially with dicamba. Further research must be
done with a cereal rye cover crop, spring burn-down herbicides, and some sort of postemergence management strategy to best effectively control horseweed in soybeans in
Kentucky.
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Tables
Table 2.1. Cover crop and herbicide treatments for this study. FH=Fall herbicide
(saflufenacil); SH=Spring herbicides (2,4-D or dicamba).
Cover

Herbicide Common

Herbicide

Manufacturer / Location

crop

Namea (Timing)

Trade Name

None

None

-

-

None

2,4-D Ester (SH)

2,4-D LV4

Winfield United / Shoreview, MN

Clarity

BASF / Research Park Triangle,

only
None

Dicamba (SH) only

NC
None

Saflufenacilb (FH)

Sharpen

only
None

BASF / Research Park Triangle,
NC

Saflufenacil (FH);

Sharpen; 2,4-

BASF / Research Park Triangle,

2,4-D Ester (SH)

D LV4

NC; Winfield United / Shoreview,
MN

None

Cereal

Saflufenacil (FH);

Sharpen;

BASF / Research Park Triangle,

Dicamba (SH)

Clarity

NC

None

-

rye
Cereal

2,4-D Ester (SH)

rye

only

Cereal

Dicamba (SH) only

2,4-D LV4

Winfield United / Shoreview, MN

Clarity

BASF / Research Park Triangle,

rye

NC
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Cereal

Saflufenacil (FH)

Sharpen

BASF / Research Park Triangle,

rye

only

Cereal

Saflufenacil (FH);

Sharpen; 2,4-

BASF / Research Park Triangle,

rye

2,4-D Ester (SH)

D LV4

NC; Winfield United / Shoreview,

NC

MN

a

Cereal

Saflufenacil (FH);

Sharpen;

BASF / Research Park Triangle,

rye

Dicamba (SH)

Clarity

NC

Saflufenacil rate=50 g ai/ha. 2,4-D rate=800 g ae/ha. Dicamba rate=281 ae/ha.

b

Adjuvants include MSO (1% V/V) and AMS (10.18 g/L).
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Table 2.2. Dates of horseweed density sampling by growing season. CC=Cover crop.
FH=Fall herbicide treatment (saflufenacil or none). SH=Spring herbicide treatment (2,4D, dicamba, or none).
2016-2017 2017-2018 Agronomic calendar
11/2/16

10/31/17

3-5 days after FH application; 1-4 days after CC planting

11/28/16

11/28/17

4-5 weeks after FH application and CC planting

2/23/17

3/6/18

3 weeks before SH application

3/30/17

4/19/18

2-3 weeks after SH application

5/2/17

5/9/18

2 weeks after CC termination

6/1/17

6/5/18

1-2 week after soybean planting

6/13/17

6/18/18

3 weeks after soybean planting

9/6/18

7 weeks before soybean harvest

46

Table 2.3. Results (p-values) from analysis of variance on spring cover crop (years
analyzed together) and weed biomass (years analyzed separately) at cover crop
termination. CC=Cover crop. FH=Fall herbicide treatment (saflufenacil or none).
SH=Spring herbicide treatment (2,4-D, dicamba, or none).
Cover crop
Factor

Weeds
2017

2018

-------------p values------------FH

0.3482

-

-

SH

0.8005

-

-

FH*SH

0.4471

-

-

<0.0001

-

-

FH*Year

0.9159

-

-

SH*Year

0.8960

-

-

FH*SH*Year

0.6978

-

0.0005

Year

CC

-

<0.0001

FH

-

<0.0001 <0.0001

CC*FH

-

0.1429 <0.0001

SH

-

0.0005

0.8352

CC*SH

-

0.5689

0.8321

FH*SH

-

0.6193

0.8096

CC*FH*SH

-

0.3232

0.9454
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Table 2.4. Spring weed biomass as affected by each main factor in 2017 and spring weed
biomass for each CC*fall herbicide (FH) combination in 2018. Standard error is indicated
in parentheses. *Different letters indicate statistical differences within main factors in
2017 or the CC*FH interaction in 2018 based on alpha=0.05. CC=Cover crop. Fall
herbicide treatment (saflufenacil or none). SH= Spring herbicide treatment (2,4-D,
dicamba, or none).
Treatment factor
CC

FH

2017

2018

SH
------------biomass (g/m2)--------------

No CC

55.6 a (6.4)

CC

5.9 b (1.3)
No FH

44.4 a (6.6)

FH

17.2 b (4.7)

No SH

42.9 a (9.3)

2,4-D (only)

23.2 b (6.1)

Dicamba (only)

26.1 b (6.5)

No CC No FH

56.4 a (5.3)

No CC FH

5.1 b (1.8)

CC

No FH

6.9 b (2.0)

CC

FH

0.1 c (0.1)
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Table 2.5. Horseweed density measured during the 2017 season. CC=Cover crop. FH=Fall herbicide (saflufenacil or none).
SH=Spring herbicides (2,4-D, dicamba, or none). aNo means provided, due to treatments not being imposed yet at this time
point. *The asterisks in the tops of the columns indicate dates in which not all factor combinations could be analyzed due to
normality issues.
11/2/16* 11/28/16* 2/23/17* 3/30/17* 5/2/17 6/1/17
Treatment

-----------------------Horseweed density (#/m2)------------------

Control

2372

1092

416

172

172

80

FH (only)

2600

20

2

20

80

56

440

452

140

28

12

8

SH (2,4-D only)

a

a

a

4

20

24

SH (Dicamba only)

a

a

a

4

8

24

412

8

4

8

8

4

CC*SH (2,4-D)

a

a

a

8

8

4

CC*SH (Dicamba)

a

a

a

0

8

8

FH*SH (2,4-D)

a

a

a

0

24

44

FH*SH (Dicamba)

a

a

a

4

48

40

CC

CC*FH

49

CC*FH*SH (2,4-D)

a

a

a

4

8

8

CC*FH*SH (Dicamba)

a

a

a

4

8

8
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Table 2.6. Horseweed density measured during the 2018 season. CC=Cover crop. FH=Fall herbicide (saflufenacil or none).
SH=Spring herbicides (2,4-D, dicamba, or none). aNo means provided, due to treatments not being imposed yet at this time
point.
10/31/17

Treatment
Control

11/28/17

3/6/18

4/19/18

5/9/1

5/24/1

6/5/1

8

8

8

------------------------------Horseweed (# / m2)-------------------------472

208

16

12

36

248

132

8

0

0

12

44

360

296

280

112

12

0

4

232

124

SH (2,4-D only)

a

a

a

0

12

136

120

SH (Dicamba only)

a

a

a

16

8

100

88

CC*FH

8

0

0

56

4

172

104

CC*SH (2,4-D)

a

a

a

76

0

148

120

CC*SH (Dicamba)

a

a

a

4

0

112

84

FH*SH (2,4-D)

a

a

a

4

44

244

200

FH*SH (Dicamba)

a

a

a

4

20

280

236

FH (only)
CC

51

CC*FH*SH (2,4-D)

a

a

a

4

4

128

100

CC*FH*SH

a

a

a

4

0

144

124

(Dicamba)
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Table 2.7. Results (p-values) of analysis of variance on horseweed density counts, 2017.
CC=Cover crop. FH=Fall herbicide treatment (saflufenacil or none). SH=Spring
herbicide treatment (2,4-D, dicamba, or none). Dashes signify that there were no analyses
provided, due to treatments not being imposed yet at this time point.
Factors

At FH

4 Weeks

10 Days

3 Weeks

2

2 Weeks

app. and

after FH

before

after SH

Weeks

after

CC

app. and

SH app.

app., 2017 after CC soybean

planting

CC planting

11/2/16

11/28/16

term.
2/23/17

3/30/17

5/2/17

planting
6/1/17

----------------------------------------- p values--------------------------------CC

0.0291a

0.0314a

0.05a

0.0208ac

0.0248

0.0004

FH

*

*

*

0.0173bc

0.3655

0.6109

CC*FH

*

*

*

*

0.3506

0.1620

SH

-

-

-

*

0.0019

0.0713

CC*SH

-

-

-

*

0.0017

<0.0001

FH*SH

-

-

-

*

0.0671

0.0103

CC*FH*SH

-

-

-

*

0.2824

0.5788

App.=application. Term.=termination. aOnly analyzed where FH=“no”. aOnly analyzed
where FH=“no”. bOnly analyzed where CC=“no”. cOnly analyzed where SH=“no”.
*Indicates where a factor combination could not be analyzed due to normality issues.
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Table 2.8. Results (p-values) of analysis of variance on horseweed density counts, 2018.
CC=Cover crop. FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D,
dicamba, or none). Dashes signify that there were no analyses provided, due to treatments
not being imposed yet at this time point.
Factors

At FH

4 Weeks

3

2

2

1 Week

3

app. and

after FH

Weeks

Weeks

Weeks

after

Weeks

CC

app. and

before

after SH after

soybean

after

planting

CC

SH

app.

planting soybean

planting

app.

10/31/17 11/28/17

CC
term.

3/6/18

4/19/18

5/9/18

planting
6/5/18

6/18/18

------------------------------------------------p-values-----------------------------

a

CC

0.0010a

0.0065a 0.6771a 0.1368ac

FH

*

*

* 0.6040bc

0.0230 <0.0001 <0.0001

CC*FH

*

*

*

0.0149

0.0022

0.0007

SH

-

-

- 0.0673ab <0.0001

0.0633

0.2504

CC*SH

-

-

-

*

0.0101

0.6974

0.8064

FH*SH

-

-

-

*

0.8268

0.0365

0.0607

CC*FH*SH

-

-

-

*

0.8075

0.4767

0.1245

*

0.0005

0.0218

0.4697

Only analyzed where FH= “no”. bOnly analyzed where CC= “no”. cOnly analyzed where

SH= “no”. *Indicates where a factor combination could not be analyzed due to normality
issues.
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Table 2.9. Horseweed densities three weeks after spring herbicide application, 3/30/17.
Fall herbicide (FH) treatment effect was examined in the absence of the cover crop and
spring herbicides.* Standard error is indicated in parentheses.
Factor

Density (# / m2)

No FH

43 a (19)

FH

5 b (3)

*Letters indicate statistical differences based on alpha=0.05.
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Table 2.10. Horseweed density for significant cover crop and spring herbicide
interactions in spring 2017 and 2018: after cover crop termination in both years (5/2/17
and 5/9/18) and two weeks after soybean planting in 2017 (6/1/17)*. Standard error is
indicated in parentheses. CC=Cover crop. SH=Spring herbicide treatment (2,4-D,
dicamba, or none).
Factors

CC

5/2/17

SH

No CC No SH
No CC 2,4-D (only)
No CC Dicamba (only)

5/9/18

6/1/17

-------------Horseweed density (# / m2)---------------126 a (35)

153 a (48)

69 a (9)

22 b (7)

28 b (10)

33 b (4)

28 b (10)

14 bc (6)

31 b (8)

CC

No SH

10 b (4)

4 c (2)

4 c (2)

CC

2,4-D

8 b (4)

2 c (2)

6 c (2)

CC

Dicamba

8 b (3)

0 c (0)

7 c (2)

*Within each column, letters indicate statistical differences based on a Tukey’s test
(alpha=0.05).
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Table 2.11. Horseweed densities for cover crop and fall herbicide treatment interaction
after cover crop termination (5/9/18), and after soybean planting (1 week after planting,
6/5/18, and 3 weeks after planting, 6/18/18)*. Standard error is indicated in parentheses.
FH=Fall herbicide (saflufenacil or none). CC=Cover crop.
Factors
CC

5/9/18
FH

No CC No FH
No CC FH

6/5/18

6/18/18

---------------------------Horseweed density (# / m2)----------------19 b (5)

114 b (10)

131 b (12)

111 a (35)

244 a (20)

245 a (19)

CC

No FH

2 c (1)

100 b (14)

159 b (16)

CC

FH

3 c (2)

108 b (10)

166 ab (11)

*Within each column, letters indicate statistical differences according to Tukey’s test
(alpha=0.05).
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Table 2.12. Horseweed densities for significant fall herbicide and spring herbicide
interaction two weeks after soybean planting, 6/1/17*. Standard error is indicated in
parentheses. FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D,
dicamba, or none).
Horseweed Density (# / m2)

Factors
FH

SH

FH

No SH

30 ab (10)

FH

2,4-D

25 ab (6)

FH

Dicamba

23 ab (8)

No FH No SH

44 a (13)

No FH 2,4-D

14 b (4)

No FH Dicamba

15 b (4)

*Letters indicate statistical differences based from a Tukey’s test (alpha=0.05).
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Table 2.13. Horseweed densities for cover crop and spring herbicide interaction in the
presence of the fall herbicide saflufenacil, 4 weeks after soybean planting 2017*.
Standard error is indicated in parentheses. CC=Cover crop. SH=Spring herbicides (2,4-D,
dicamba, or none).
Factors
CC

SH

Horseweed Density (# / m2)

No CC No SH

117 a (18)

No CC 2,4-D (only)

87 ab (13)

No CC Dicamba (only)

71 ab (9)

CC

No SH

35 b (13)

CC

2,4-D

26 b (6)

CC

Dicamba

55 ab (19)

*Letters indicate statistical differences from a Tukey’s test (alpha=0.05).

59

Table 2.14. Results (p-values) of analysis of variance on total weed density excluding
horseweed, two weeks after the spring herbicide application (3/30/17), two weeks after
the cover crop termination (5/2/17), and two weeks after the soybean planting (6/1/17).
FH=Fall herbicide (saflufenacil or none). CC=Cover crop. SH=Spring herbicides (2,4-D,
dicamba, or none).
Factors

3/30/17

5/2/17

6/1/17

-------------------------------------p-values--------------------------------------CC

0.6502

0.1655

0.0269

FH

0.7934

0.3459

0.2929

CC*FH

0.8815

0.0196

0.0098

SH

0.0251

0.2980

0.3493

CC*SH

0.8540

0.0456

0.0051

FH*SH

0.1820

0.6907

0.0650

CC*FH*SH

0.3427

0.1114

0.5695
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Table 2.15. Total weed densities for the interactions of cover crop and fall herbicides, as
well as cover crop and spring herbicides two weeks after cover crop termination 5/2/17.
CC=Cover crop. FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D,
dicamba, or none). Standard errors are in parentheses.*
Factors
CC

FH

SH

Total Weed Density (# / m2)

No CC No FH

16 AB (2)

No CC FH
CC

No FH

CC

FH

12 B (2)
16 AB (2)
24 A (4)

No CC

No SH

13 b (1)

No CC

2,4-D (only)

10 b (2)

No CC

Dicamba (only)

19 a (3)

CC

No SH

17 a (2)

CC

2,4-D

21 a (5)

CC

Dicamba

19 a (5)

*Letters indicate statistical differences within the uppercase and lowercase letters
separately, based on Tukey’s test (alpha=0.05) and estimate statements, respectively.
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Table 2.16. Results (p-values) of analysis of variance on total weed density excluding
horseweed, two weeks after the spring herbicide application (4/19/18), two weeks after
the cover crop termination (5/9/18), and one week after the soybean planting (6/5/18).
CC=Cover crop. FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D,
dicamba, or none).
Factors

2 Weeks after SH

2 weeks after CC

1 Week after soybean

application

termination

planting

4/19/18

5/9/18

6/5/18

------------------------------p-values---------------------------------------------CC

0.2655

0.0391

0.3499

FH

<0.0001

0.0233

0.9040

-a

0.5073

0.2441

<0.0001

0.4445

0.2375

CC*SH

-a

0.2183

0.3043

FH*SH

-a

0.6657

0.9830

CC*FH*SH

-a

0.3314

0.0085

CC*FH
SH

a

Did not analyze due to normality issues.
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Table 2.17. Total weed density excluding horseweed 2 weeks after soybean planting,
6/1/17*. Standard error is indicated in parentheses. CC=Cover crop. FH=Fall herbicide
(saflufenacil or none).
Factors
CC

FH

Total Weed Density (# / m2)

No CC No FH

52 a (7)

No CC FH

44 a (8)

CC

No FH

19 b (3)

CC

FH

28 ab (3)

*Letters indicate statistical differences based on alpha=0.05.
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Table 2.18. Results (p-values) of analysis of variance on soybean density from both
years. CC=Cover crop. FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides
(2,4-D, dicamba, or none).
Factor

2017

2018

----p-values---CC

0.7395 0.5634

FH

0.8239 0.3008

CC*FH

0.9240 0.6629

SH

0.2610 0.5564

CC*SH

0.0523 0.3133

FH*SH

0.2169 0.3058

CC*FH*SH 0.3678 0.7964
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Table 2.19. Results (p-values) of analysis of variance on soybean height and growth stage
by factor and date in 2017. WAP=Weeks after soybean planting. CC=Cover crop.
FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D, dicamba, or
none).
Factor

4 WAP Height 4 WAP Stage 7 WAP Height 7 WAP Stage
----------------------- p-values----------------------------

a

CC

0.1412

0.8090ac

0.0578

-d

FH

0.0409

0.3522bc

0.9710

-d

CC*FH

0.4318

-d

0.1405

-d

SH

0.2530

0.6573ab

0.0278

-d

CC*SH

0.3752

-d

0.6510

-d

FH*SH

0.5326

-d

0.1030

-d

CC*FH*SH

0.0082

-d

0.0475

-d

Only analyzed where FH= “no”. bOnly analyzed where CC= “no”. cOnly analyzed where

SH= “no”. dDid not analyze due to normality issues.
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Table 2.20. Soybean height by treatment, 6/16/17 & 7/11/17- 4 and 7 weeks after
soybean planting, respectively*. WAP=Weeks after soybean planting. CC=Cover crop.
FH=Fall herbicide (saflufenacil or none). SH= Spring herbicides (2,4-D, dicamba, or
none).
Treatment

4 WAP

7 WAP

--------------Height (cm)-------------Control

19.4

65.2

FH

19.7

69.0

CC

19.6

64.8

SH (2,4-D)

21.4

71.0

SH (Dicamba)

19.9

70.5

CC*FH

18.9

63.2

CC*SH (2,4-D)

19.2

63.8

CC*SH (Dicamba)

20.0

69.0

FH*SH (2,4-D)

19.7

70.5

FH*SH (Dicamba)

20.2

70.7

CC*FH*SH (2,4-D)

19.5

67.1

CC*FH*SH (Dicamba)

17.9

63.2
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Table 2.21. Results (p-values) of analysis of variance on soybean height and growth stage
by factor and date in 2018. WAP=Weeks after soybean planting. CC=Cover crop.
FH=Fall herbicide (saflufenacil or none). SH=Spring herbicides (2,4-D, dicamba, or
none).
Factor

2 WAP

2 WAP Stage

4 WAP Height

4 WAP Stage

Height
--------------------------------p-values---------------------------------CC

0.8776

0.5078

0.7799

0.6029

FH

0.4667

0.8019

0.4507

0.0280

CC*FH

0.9036

0.5859

0.5822

0.1173

SH

0.7378

0.3869

0.4630

0.3692

CC*SH

0.3664

0.1666

0.6716

0.6515

FH*SH

0.1313

0.3089

0.1504

0.0412

CC*FH*SH

0.0694

0.9489

0.8905

0.9889
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Table 2.22. Results (p-values) of analysis of variance on Cercospora Leaf Blight and
Purple Seed Stain (Cercospora kikuchii). This is on various parts of soybeans plants, 3
weeks before soybean harvest 2018. CC=Cover crop. FH=Fall herbicide (saflufenacil or
none). SH=Spring herbicides (2,4-D, dicamba, or none).
Factor

Overall plot

Stem disease

Pod disease

Seed disease

-------------------------------------------p-values-------------------------------CC

0.0500

-d

0.0340

0.0123

FH

0.0015

0.0228

0.1130

0.5632

CC*FH

0.0074

-d

0.3043

0.1515

SH

0.0472

-d

0.3382

0.3885

CC*SH

0.0362

-d

0.3109

0.1729

FH*SH

0.5109

-d

0.9000

0.2521

CC*FH*SH

0.5771

-d

0.9270

0.3976

a

Did not analyze due to normality issues.
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Table 2.23. Overall plot Cercospora incidence 3 weeks before soybean harvest 2018*.
Standard error is indicated in parentheses. CC=Cover crop. FH=Fall herbicide
(saflufenacil or none). SH=Spring herbicides (2,4-D, dicamba, or none).
Factors
CC

FH SH

Disease Incidence (%)

No CC

No SH

82 a (6)

CC

No SH

99 b (1)

No CC FH

83 A (5)

CC

98 B (1)

FH

*Letters indicate statistical differences within capitalization based on alpha=0.05.
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Table 2.24. Cercospora severity on soybean plant stems, pods and beans, 3 weeks before
soybeans plant harvest 2018*. Standard error is indicated in parentheses. CC=Cover crop.
FH=Fall herbicide (saflufenacil or none).
Factors

CC

FH

Stem disease

Pod disease

Seed disease

severity

severity

severity

-----------------------%-----------------------------

CC

99 a (2)

11 b (2)

No CC

91 b (2)

20 a (2)

FH

39 b (11)

No FH

75 a (10)

*Letters indicate statistical differences within columns based on alpha=0.05
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Table 2.25. Results (p-values) of analysis of variance on soybean yields from both years
of this study. CC=Cover crop. FH=Fall herbicide (saflufenacil or none). SH=Spring
herbicides (2,4-D, dicamba, or none).
Factor

2017

2018

---------------------------------p values------------------------------CC

0.1704

0.1723

FH

0.8569

0.0321

CC*FH

0.2070

0.0054

SH

0.9174

0.6123

CC*SH

0.6282

0.7508

FH*SH

0.9781

0.0248

CC*FH*SH

0.7306

0.0057
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Table 2.26. 2018 Soybean yield in the presence of saflufenacil, based from slicing
statements. Standard errors are in parentheses. CC=Cover crop. SH=Spring herbicides
(2,4-D, dicamba, or none).*
Factors

Soybean Yield for

Factors

Soybean Yield for

the CC factor

the SH factor

(kg/ha)

(kg/ha)
2,4-D

3120 a (390)

No CC

2340 b (216) Dicamba

3010 a (279)

CC

3390 a (289) No SH

2450 b (353)

* Letters indicate statistical differences within columns based on α=0.05.
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Table 2.27. Soybean yield for the FH factor, based from slicing statements in 2018.
Standard error is in parentheses. CC=Cover crop. FH=Fall herbicide (saflufenacil or
none). SH=Spring herbicides (2,4-D, dicamba, or none).*
Where CC=none
FH Factor

Where SH=none.

Yield (kg/ha)

FH Factor

Yield (kg/ha)

No FH

3130 a (250) No FH

3390 a (324)

FH

2340 b (216) FH

2450 b (353)

*Letters indicate statistical differences within columns based on α=0.05.
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Table 2.28. Results (p-values) of analysis of variance on horseweed density from prior to
soybean harvest in 2018 and biomass at harvest in 2018. Due to low density at harvest in
2017, horseweed biomass was not collected. CC=Cover crop. FH=Fall herbicide
(saflufenacil or none). SH=Spring herbicides (2,4-D, dicamba, or none).
Factor

Biomass at 2018

Density 7 Weeks before

harvest

2018 harvest

------------------ p-values-----------------------------CC

0.6304a

0.1659

FH

0.0112b

0.0349

CC*FH

0.0193c

0.0010

SH

0.8327a

0.6881

CC*SH

0.2201a

0.2938

FH*SH

0.3457b

0.5230

-d

0.0840

CC*FH*SH
a

Only analyzed where FH= “no”. bOnly analyzed where cover crop= “no”. cOnly

analyzed where SH= “no”. dDid not analyze due to normality issues.
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Table 2.29. Horseweed densities 7 weeks before soybean harvest, 9/6/18*. Standard error
is indicated in parentheses. FH=Fall herbicide (saflufenacil or none). CC=Cover crop.
Density (# / m2)

Factors
CC

FH

No CC No FH

17 b (3)

No CC FH

41 a (4)

CC

No FH

22 b (5)

CC

FH

21 b (5)

*Letters indicate statistical differences based on alpha=0.05.
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Figures
Figure 2.1. Average air temperature data for both years of the study, as well as the 30year average for the location.
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Figure 2.2. Total monthly precipitation data for both years of the study, as well as the 30year average for the location.
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Figure 2.3. Horseweed density in absence of fall herbicide, prior to spring herbicide
application in both years. In the last pair of bars for each year, CC effect was analyzed in
the absence of spring herbicide. Bars with different letters within each date are
significantly different based on alpha=0.05. The first four dates on the X-axis group the
first year, and the last four dates are the second year. CC=Cover crop.
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Figure 2.4. Total weed densities between spring herbicide treatments excluding
horseweed, two weeks after spring herbicide applications, in both years. *Letters indicate
statistical differences within date based on alpha=0.05.
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Figure 2.5. Total weed density excluding horseweed as affected by the interactions
between spring herbicides and rye cover crop, 2 weeks after soybean planting, 6/1/17.
*Letters indicate statistical differences based on alpha=0.05. CC=cover crop. SH=spring
herbicides (2,4-D or dicamba).
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CHAPTER 3: EFFECTS OF A CEREAL RYE (Secale cereale L.) COVER CROP AND
FALL-APPLIED SAFLUFENACIL ON DEPOSITION OF SPRING-APPLIED 2,4-D
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Introduction
For central Kentucky, one of the most problematic weeds in grain crops, especially
soybeans, is horseweed (Martin and Green 2016). With the rise in glyphosate-resistant
weeds such as horseweed, growers in Kentucky are becoming more interested in learning
how a practice such as planting cover crops might play into a weed management system.
Often, the cover crop used depends on what results the grower wants, whether it is
weed control, preventing soil erosion, or adding nutrients to the soil (Clark 2012; Snapp et
al. 2006). For weed control, one cover crop that has shown promise is cereal rye. It has
been observed in a variety of trials to suppress winter annual weeds (Cornelius and Bradley
2017; Werle et al. 2017). As a result, instead of having to control a wide variety of winter
annual weeds, one would only need to kill the cereal rye. In addition, the residue left behind
after cover crop termination can decrease summer annual weed densities, though results
have varied for the length of time it is able to suppress weeds (Smith et al. 2011; Teasdale
and Mohler 2000).
However, one cannot expect a cover crop to reduce weed densities 100% (Clark
2012). But, Werle et al. (2017) found that a cereal rye cover crop reduced winter annual
weed density and biomass by more than 90% at the time of its termination. In a different
study by Cornelius and Bradley (2017), a cereal rye cover crop reduced winter annual weed
densities only by 72%. The integration of herbicides could help reduce weed pressure
further by killing any weeds emerging in the cover crop while it is actively growing in both
the fall and spring. Horseweed can emerge at both of these times, depending on geographic
location (Shields et al. 2006). Because of variable horseweed emergence timing, greater
suppression of it prior to soybean planting might be accomplished by combining cover
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crops and herbicides. Growth regulator herbicides, as an example, could be applied over
the top of a cereal rye cover crop to target broadleaf weeds but not kill the cover crop,
allowing additional cover crop biomass accumulation. Thus, it would be beneficial to know
how a standing cover crop might affect deposition of an herbicide applied over the top of
it.
Derksen et al. (2012) evaluated the impact of spray volume on fungicide
applications in wheat stubble. High spray volumes (such as 140 L ha-1) resulted in higher
spray deposits across all of the wheat plant parts, compared with a low spray volume of 94
L ha-1. One study observed that an herbicide sprayed into standing wheat stubble saw 50%
less spray deposition on weeds compared to no stubble, regardless of what the application
air pressure was (Wolf et al. 2000). Weeds were at the three-leaf stage, and stubble was
approximately 25 cm tall. In addition, the deposition reduction from the stubble was greater
when the application speed was 16 km h-1 compared to 8 km h-1. Since this stubble reduced
deposition between 9-12% on smaller weeds, a cover crop similar to wheat stubble that is
still actively growing might reduce deposition even more.
Jensen & Spliid (2002) observed herbicide deposition on the soil surface at various
times in winter wheat and spring barley (Hordeum vulgare L.) growth stages. For the
winter wheat, greater deposition was seen below the canopy in a range of time from when
it only had 5 leaves unfurled through the time when three tillers were present. Whereas,
when inflorescence was emerging, the deposition was as low as 5%. This makes sense
because there would be more biomass blocking the herbicide.
One study using water-sensitive paper (WSP) looked at the herbicide spray
penetration through strawberry (Fragaria virginiana Duchesne) canopies across cultivars
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and distance from the crown, or growing point (Sharpe et al. 2018). The WSP was
positioned under random strawberry plants starting at the crown and extending outwards.
They observed WSP that was 0-5 cm away from the crown had 8% coverage, compared to
27% coverage 10-15 cm away. Though strawberries are very different from a cereal rye
cover crop, the above study showed how distance from a plant can influence herbicide
coverage.
Measuring herbicide deposition by using WSP, along with observing canopy
penetration in corn and soybeans, was evaluated by Creech et al. (2018). In both crops, the
deposition decreased as their distance from the plants decreased. While the crops, plant
size, and plant architecture also differ from cereal rye, these results also demonstrate
similar changes in spray deposition within rows of a crop. Therefore, the same principle
might be true for a cereal rye cover crop.
One study that shows similarities to cover crops was carried out on wheat canopy
structures. Kim et al. (2011) examined herbicide deposition and performance in six
different wheat cultivars. There were two application times; the second one was two weeks
after the first one. More herbicide spray was intercepted in larger crop canopies. At the first
herbicide application, the shorter plants received higher herbicide deposition. Findings
such as these might be expected in the current study.
Given the desire of growers to add cover crops to integrated weed management
systems, the objective of this study was to measure the percent spray coverage of an earlyspring applied herbicide (2,4-D) in a standing cereal rye cover crop, with and without a
fall-applied burndown herbicide (saflufenacil). This included observing whether the
spring-applied herbicide spray coverage on the soil surface differed from the cover crop
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row and the surface between rows. Our hypothesis was that higher percent spray coverage
would be observed in the absence of the cover crop and where the fall herbicide was
sprayed, because the fall herbicide had effectively killed most of the previously emerged
weeds prior to winter setting in. In plots containing the cover crop, we also hypothesized
percent spray coverage would be higher between the cover crop rows than immediately
adjacent to the cover crop rows because the cover crop canopy might intercept the spring
herbicide.
Materials and Methods
Field preparation
Field studies were conducted at the University of Kentucky’s C. Oran Little Research
Center in Versailles, KY (38.05°N, -84.71°W) for two years, from the fall of 2016 until the
spring of 2018. The soil type was a mixture of Bluegrass and Maury silt loams, which are
fine, mixed, active, mesic Typic Paleudalfs.
In this study, we examined a subset of treatments from within a larger experiment
(Table 3.1). The overarching horseweed experiment was a split-plot randomized complete
block design utilizing twelve treatments. The main plot was a cereal rye cover crop, with
the fall herbicide saflufenacil treatment as a subplot. The positions of WSP to measure
spray percent coverage were treated as a sub-subplot in this experiment. (Within the larger
experiment, the type of spring-applied herbicide was an additional subplot factor, though
only treatments with 2,4-D were utilized in the current experiment.) Each treatment was
replicated six times in both years, but WSP were only placed in three of those replications
in the second year. Each individual treatment plot measured 3.1 m x 6.2 m.
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The cereal rye (’Aroostook’) was planted with a no-till drill at 19 cm spacing at a
seeding rate of 90.7 kg/ha. The rye was planted on November 1, 2016 and October 27,
2017. The fall herbicide saflufenacil (Sharpen®, BASF, 50 g ai/ha, mixed with MSO 1%
V/V, and AMS 10.18 g/L) was applied with a spray volume of 140 L/ha using a 3.05 m
hand-boom and a walking pace of 6.4 km/h. It was applied on October 31, 2016 and
October 26, 2017. The 2,4-D (2,4-D LV4, Winfield United, 800 g ae/ha) was applied on
March 10, 2017 and April 5, 2018, using AIXR 11002 (Teejet) nozzles with a spray volume
of 140 L/ha. The same hand-boom and walking pace as the fall herbicide application was
used for the spring herbicide 2,4-D application. Weather was suitable for the spring
herbicide application (Table 3.2). The cereal rye cover crop was at Feekes’ 6 in 2017 and
Feekes’ 7 in 2018 at the time of 2,4-D application; the average height of the cover crop at
this time in both years was approximately 40 cm.
WSP (Syngenta) that measured 8x5 cm was used to monitor spray distribution of
the spring herbicide, 2,4-D. Before application, three pieces of WSP were placed in every
plot to be sprayed with the spring herbicide in both years. One WSP was placed between
cover crop rows if the plot had a cover crop. The other two WSPs were placed immediately
adjacent to the cover crop rows in plots where there was a cover crop. If there was no cover
crop present, all WSPs were placed randomly in the plot. Plots were then sprayed and all
WSP were collected. Figures 3.1 and 3.2 give examples of how WSP looked after the
herbicide application.
Data collection
Cover crop and weed biomass were sampled roughly one week prior to cover crop
termination. This was done by staking two 0.25 m2 quadrats per plot, making sure there
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were two rows of cover crop in plots containing the cover crop and clipping all plants at
the ground level. Biomass for both the cereal rye and weeds was dried at 60° C until a
constant mass was achieved and then weighed.
The WSP were scanned, converted into JPEG format, and analyzed with a program
called DepositScan (USDA 2016). This is a downloadable scanning program that uses an
image-processing system to evaluate the spring herbicide percent coverage on WSP as used
in this study. The overall percent coverage on the WSP was quantified and analyzed as
described below.
Statistical Analysis
All data were analyzed using SAS 9.4 with PROC MIXED and an alpha level of 0.05 was
used to determine significant effects. For analyzing the cover crop biomass, fall herbicide
treatment and year were treated as fixed effects while the block was treated as random.
Prior to analysis, percent coverage on the WSP were averaged in plots with more than one
WSP per position. For plots with one WSP per position, no averaging was necessary. Cover
crop was the main factor, with the fall herbicide and WSP position being subplot factors.
Block was treated as a random effect, while cover crop, fall herbicide, and the WSP
positions were treated as fixed. A three-way ANOVA was used to analyze the main and
interactive effects of cover crop, fall herbicide, and WSP position on the spring herbicide
percent coverage on WSP. Where there were significant interactions, a “slice” statement
was utilized within LSMEANS to determine the driving force(s) of the interaction. In order
to better understand these interactions, sometimes Tukey’s adjustment within LSMEANS
was used.
Results and Discussion
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Weather for the spring herbicide application dates can be found in Table 3.2. In
addition, weather summaries for relevant times of both years can be found in Figures 3.3
and 3.4. At the location of this study, average temperatures were warmer than the 30-year
average in 2017, but were largely colder than the 30-year average in 2018 (Figure 3.3).
Precipitation was unusually high in February 2018, which might have impacted cover crop
growth (Figure 3.4).
Results of the ANOVA for percent coverage on the WSP from each year can be
found in Table 3.3. In 2017, there was a significant interaction between WSP position and
cover crop on percent coverage. In plots with cover crop, slicing showed significant
differences for WSP positions. There was greater coverage on WSP between cover crop
rows compared with WSP immediately adjacent to cover crop rows (Table 3.4). However,
coverage was similar among WSP positions where there was no cover crop. Greater
coverage was seen in plots without cover crop compared to with the cover crop for WSP
positioned immediately adjacent to cover crop rows (Table 3.5). These results seen in the
cover crop + WSP position interaction provide support for our hypothesis that greater
coverage would be seen between cover crop rows than immediately adjacent to cover crop
rows, due to interference by the actively-growing cover crop.
Also in 2017, there was a significant interaction between WSP position and the fall
herbicide treatment on the spring herbicide percent coverage (Table 3.3). The greatest
coverage was observed where fall herbicide had been applied and WSP placed between
cover crop rows (Table 3.6). This was expected, as the fall herbicide killed winter annual
weeds from the previous fall and there was no cover crop present, resulting in fewer plants
to intercept spray droplets.
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In 2018, there were no significant differences between main factors or interactions
on percent coverage. When WSP was placed between cover crop rows, 22% coverage was
observed (standard error was 3%); for WSP adjacent to the cover crop rows, coverage was
at 29% (standard error was 4%). In subplots containing the fall herbicide, coverage was
28% (standard error was 4%). In subplots without fall herbicide, coverage was 23%
(standard error was 3%). One possibility as to why there were no significant effect of the
cover crop in 2018 was that the stand resulted in almost half the biomass in 2018 that was
observed in 2017. In 2017, cover crop biomass averaged 3144 kg / ha; in 2018, it averaged
1485 kg / ha. The cause of lower biomass was likely due to weather, resulting in poor
growing conditions. Precipitation was much higher in February 2018 compared to the same
time in 2017, which might have impacted cover crop growth. In addition, the winter of the
second year was colder. Therefore, the lower biomass in the second year because of
weather explains why there was no difference in percent coverage between plots with cover
crop compared to plots without.
The use of WSP showed how herbicide coverage can be affected when trying to
control weeds in a cover crop setting. In this study, there was a maximum of 11% less
coverage in plots with a cereal rye cover crop compared to plots without, and 9% less
coverage was seen immediately adjacent to the cover crop rows than in between rows.
However, because the cover crop continued to suppress horseweed after the spring
herbicide application, we believe this outweighs the reduction in coverage. In addition,
subplots with the fall herbicide had higher percent coverage than subplots without the fall
herbicide, due to the termination of winter annuals. Spray coverage was also higher for
WSP in between cover crop rows compared to immediately adjacent to the rows. One might
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think the use of cover crops might be unnecessary, but our larger experiment showed more
consistent control and longer control of the main problem weed, horseweed, with the cover
crop than with the spring herbicide as individual factors. The spring herbicide still provided
some variable control of horseweed, though, making both treatments viable options for an
integrated weed management system. However, more research must be conducted using
other cover crops to further understand the impact they might have on herbicide
applications to control weeds in an integrated weed management system. Possible avenues
for further research in this area could include using multiple seeding rates of cereal rye,
compared with multiple seeding rates of other cover crops in order to ascertain adequate
weed control while not inhibiting the efficacy of herbicides applied over the top.
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Tables
Table 3.1. Treatments used in this study.a
Treatment

Cover

Herbicide

Herbicide Herbicide Rate g

#

Crop

Common

Trade

Name

Name

2,4-D Ester

2,4-D

1

None

ai/hab or g ae/hac

Name / Location

800c

Winfield United /

LV4
2

None

Saflufenacil; Sharpen;
2,4-D Ester

Manufacturer

Shoreview, MN
50b; 800c

BASF; Winfield

2,4-D

United / Research

LV4

Triangle Park,
NC; Shoreview,
MN

3

Cereal

2,4-D Ester

rye-

2,4-D

800c

LV4

Winfield United /
Shoreview, MN

Aroostook
4

Cereal

Saflufenacil; Sharpen;

rye-

2,4-D Ester

Aroostook

50b; 800c

BASF; Winfield

2,4-D

United / Research

LV4

Triangle Park,
NC; Shoreview,
MN

a

Saflufenacil used the following adjuvants: MSO (1% V/V) and AMS (10.18 g/L)
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Table 3.2. Weather data during the 2,4-D applications for both years
Year

Time

Relative

(Start/End Humidity
Time)
3/10/2017

4/5/ 2018

Temperature Rain
(°C)

Wind

(cm) Direction

(%)

(°)

Wind

Wind

Dew

Gust

Speed

Point

(km/h) (km/h)

(°C)

11:45

28

19

0

240

6

5

2

12:45

28

20

0

240

9

5

2

13:00

59

6

0

217

29

13

-2

15:00

56

6

0

211

26

11

-2
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Table 3.3. Results of analysis of variance (p-values) on percent spray coverage as
affected by WSP position relative to the cover crop (CC) row, and fall herbicide (FH)
application. ANOVA conducted separately by year.
Factor

2017

2018

----p-values---WSP position

0.0123 0.1879

CC

0.0165 0.2563

WSP position*CC

0.0029 0.6696

FH

0.0121 0.3726

WSP position*FH

0.0262 0.8024

CC*FH

0.2519 0.3942

WSP position*CC*FH 0.4616 0.7380
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Table 3.4. Percent spray coverage of 2,4-D in 2017 as affected by WSP position relative
to cover crop rows where plots contained cover crop*. Standard error is in parentheses.
WSP Position

Spray Coverage (%)

Between cover crop rows

25 a (3)

Adjacent to cover crop row

16 b (2)

*Letters indicate statistical difference based on α=0.05.
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Table 3.5. Percent spray coverage of 2,4-D in 2017 as affected by the cover crop where
WSP were immediately adjacent to the cover crop (CC) rows. Where there was no cover
crop, WSP were placed randomly.* Standard error is in parentheses.
Cover Crop Spray Coverage (%)
No CC

28 a (1)

CC

16 b (2)

*Letters indicate statistical difference based on α=0.05.
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Table 3.6. Percent spray coverage of 2,4-D in 2017 as affected by fall herbicide (FH) and
WSP position interaction*. CC=Cover crop. Standard error is in parentheses.
Factors
FH treatment WSP Position

Spray Coverage (%)

FH

Between CC rows

31 a (2)

FH

Adjacent to the CC row

22 b (2)

No FH

Between CC rows

22 b (2)

No FH

Adjacent to the CC row

21 b (2)

*Letters indicate statistical difference from slicing based on α=0.05.
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Figures
Figure 3.1. The percent coverage of 2,4-D on WSP in a subplot containing the fall
herbicide and between the cover crop rows.
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Figure 3.2. The percent coverage of 2,4-D on WSP in a subplot containing the fall
herbicide and immediately adjacent to the cover crop row.
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Figure 3.3. Average air temperature data for both years of the study, as well as the 30year average for the location.
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Figure 3.4. Total monthly precipitation data for both years of the study, as well as the 30year average for the location.
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